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A STUDY, BY THE CROP SURVEY METHOD, OF FACTORS 
INFLUENCING THE YIELD OF POTATOES ^ 

Earle V. Habdenburg 

AlmoBt from the date of their establishment, practically all state and 
fecteral experiment stations in this country, as well as many foreign 
stations, have, tested, by diverse methods, the relative influences of factors 
affecting the yield of potatoes. A review of the abundant literature of 
the subject shows that a majority of these tests concern the influence of 
seed and fertilizers on jrield. This fact, further substantiated by the 
results of the study herein reported, indicates that, with the exception of 
climate and soil, seed and fertilizers are the most vit^ factors affect- 
ing yield. Because of the widely differing environmental conditions under 
which the tests have been conducted, it is possible in only a limited degree 
to draw definite conclusions from a smnmaiy of the results. Furthermore, 
a large part of the literature fails to supply much detailed information 
as to the methods used in the experiments, and gives little if any considera- 
tion to factors affecting yield other than the one principally concerned 
in the respective tests. This means that most of Uie evidence available 
to date is of only limited application. 

A comparison of the conclusions reached and the recommendations 
made by experiment stations, with those warranted by actual practice as 
found on farms in a potato-growing region, is therefore of considerable 
value. Such a comparison is, to some extent, made possible by the 
use. of the survey method of collecting, and studying data on the influ- 
ences affecting the yield of potatoes. The survey method has accordingly 
been applied to the study of such factors in several potato sections of 
New York, and the results are herein compared with those obtained 
experimentally. As an additional check on the conclusions drawn, 
the biometrical method as applied by Rietz and Smith (1910)^ has 
also been used in studying those factors which, according to the sur- 
vey method, appear to affect the yield to the greatest extent. The survey 
method of studying crop production, wholly aside from the s^icultural 
methods involved, has proved to be a most valuable means of determining 
the actual practice thiuout the State, and has aided in correcting many 
false ideas of long standing concerning cultural methods used with this 
crop. 

The collection of data was begun in the summer of 1913 and continued 
thru the summer of 1914. In 1913, 330 records of the 1912 potato crop 
were taken from as many potato farms on Long Island, and 360 records 

‘ Also imaented to the Faculty of the Graduate S^ool of Coruetl Univeraity, February, 1919, as a major 
thesis in pwCial ful611meQt of me ^uireiheuts for the degree of doctor of philosophy. 

* Dates in pwrenthesia refer to BMworapky, page 1274. 
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of tihe same yearns crop were obtained from that number of f^ntne in 
northern Steuben County. In 1914, 300 records were similady taken 
the 1913 crop in Monroe County, and 300 in Franklin and C^ton Coui^ies 
combined. This gives a total of 1290 records for the o^.of 1912 and 
1913. Each record was in the form of a fiUed-out survey blank, a 
sample of which is included at the end of this paper, and \was complete 
as po^ble in the details listed. Because of tfe similarity of region^ 
conditions and of cultural practices, the counti^ surveyed were studied 



as four distinct sections, as follows: (1) Long Island, including the potato- 
growing areas of Suffolk and Nassau Counties; (2) Steuben County; (3) 
Monroe County; (4) J’ranklin and Clinton Counties. The location of 
these areas is shown in figure 125. These regions were selected, not 
because they include tlje counties of highest tot^ production, but becatise 
they represent typical and distinct centers of potato production in the 
State. 

The importance of potato production in a region is probably best 
indicated by figures showing the percentage of total crop acres devoted 
to this crop and the avers^e potato acreage per farm. A siunmaty of 
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the scc^ of the survey and the status of the industry during the years 
1912 Sind 1913 is given in table 1, Of the four regions surveyed, the 
potato crop is regarded as of most importance on Long Island and of l^t 
importance in Franklin and Clinton Counties. 


TABLE 1. SuiofABT OF the Foub Regions Surveyed 



Year 

Number 

of 

reocnda 

Acreage 

surveyed 

Avera« 
sise of 
farm 
surveyed 
, (acres) 

i . 

Per 
cent of 
total 1 
acreage 

potatoes, 

for 

farms 

Bur- 

veyed 

Per 

cent of 
crop 
acreage 
in 

potatoes, 

for 

farms 

BUT- ! 

veyed 

Per 
cent of 
crop 
acreage 
in 

potatoes, 
for the 
county 
(1909 
census) 

Average 
potato 
i acreage 
per 
farm 
sur- 
veyed 

Average 

yielu 

per 

acre 

for 

fiu'ms 

sur- 

veyed 

(bushels) 

LoDf Xelaod, in- 
oludiiic parts of 
Suffolk and 
Nassau Coun* 

1612 

1612 

1613 

1613 

330 

300 

300 

300 

8,188.16 
6,301*. 10 
3,728.25 

2,160.00 

65.0 
145.8 
^ 112.1 

168.5 

37 

10 

11 

4 

44 

18 

15 

10 

1 


175.5 

136.4 

126.2 

179.3 

Steuben County. . 
Monroe County. . 
Franklin and Clin- 
ton Counties, . . 


THE CROP.SURVEY AS A METHOD OF RESEARCH 

From its inception in this country, agricultural teaching has depended 
largely on textbooks, collateral references, and the published results of 
experiments. There is still a considerable lack of practical information 
which can be supplied only by protracted experimentation or by the 
study of large numbers of survey records in the regions concerned. Fre- 
quently problems arise wMch local experiments M to solve because of 
the impossibility of handling the work on a sufficiently extensive scale. 
Large numbers of records might very often be the means of discovering 
the common causal factor prevailing thruout a region, thus furnishing the 
solution of the problem or at least a working basis for its solution. A 
typical tlIusti*ation of this is furnished in the investigations on pecan 
rosette by McMurr^ (1919). Pathologists had previously been unable 
to account for the cause o|* to recommend measures for the control of 
this disease, which was so prevalent thruout ike pecan orchards of the 
Southern States. McMurran, by taking records of many orchards in 
the various pecan regions of the South, discovered that the disease was 
almost entirely absent in the orchards of the rich river bottom- ands, 
and from this ob^rvation he deduced that the cause of. the disease lay in 
certain soil dehcienci^. 

The farm-crops survey aims first of aU to search out the actual facts 
concerned in the production of a given crop in a given area. This informa- 
tion, obtained in sufficient quantity, may then be regarded as statistics 









to detefBsbie md ^setiees. 

The surv^ i<ka was first Is^mdhed in New Yorit by Dr. L. H. Ba^y, 
vx^ whose direction horticultnwd Stu^ were n^de temmt tiie State. 
In 1903 Professor John Craig started an (m^ard sunrey <NU]^aign in w^ 
em New York. Such of these surveys as were completed have been 
published as Cornell bulletins (Wwren, 1905, a and b; Cummings, 1909; 
Martin, 1911). Under the directicai of Dr, G. P. Warren, the survey idea 
was extended to include the farm as a whole, with the r^t that whole 
farming areas, with the farm as a unit, have been studied in what are 
called fariThmanagement surveys. The results of such studi^l^ave also 
been published as Cornell bulletins (Warren md Livemmfe, 1911; 
Thompson, 1915). Montgomery (1913), in discussing crop surveys, states 
that their primary function is to determine hm to grow the crop, while 
farm-management surveys aim to determine when to grow the crop. 
Warren (1914) attests the value of agricultural surveys by saying that there 
are many kinds of agricultural information that can be found only by 
survey methods, isince the conditions in question exist oidy on the farms. 
He states further that agricultural knowledge, to be of most value, 
should be the result of both survey studies and experimental tests. 

The accuracy of survey methods depends very largely on such factors 
as the personality of the man procuring the records, the manner in which 
questions are asked, the number of records obtained for each region studied, 
the unit us^ as a basis in the study of a factor, accuracy in tabulation, 
and the final interpretation of results. The more extensive the record to 
be obtained, the ^eater is the number of records necessary for final 
^curacy. The pmcipal faults in much of the survey work to date lie 
in the attempt to include too much detail and in the use of too few records. 
Warren (1914) is of the opinion that ordinarily 1(XK) records should be 
used, tho 500 may be enough in some cases. However, the necessity of 
such large numbers depends somewhat upon the scope of the survey. 
By the law of av^ages, large numbers tend to eliminate individual errors. 
Spillman (1917) has said tiiat the accuracy of any avera^ depends on three 
things: first, on freedom from bias; secondly, on tiae numte of items from 
which an averse is obtained; and thirdly, on the accuracy of the individual 
items averaged. Considering the limitations ci much of the experimental 
evidence to date, large numbers of survey records are undoubtedly pro- 
ductive of as nearly accurate results as are obtained by experimental 
work. As emphasizt^ by Warren (1914), the region surveyed should be 
an agricultural, not a political, unit. Furthermore, the records should be 
taken only during a normal year unless records are to be obtained for con- 
secutive years. Unfortunately for this study, the year 1912 was at first 
drier than normal, but the abundant rain which fell late in the growing 
season caused some blight rot; 1913, however, was a more nearly normal 
year. 
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BIOMETRY AS APPLIED TO CROP-SURVEY DATA 

Biometry as a science is beginning to have wide application, wherever 
suffici^t data make its application possible, in the solution of pix>bleins 
involving the study of the interrelation of factors or the study of cause 
and effect. Until the present tiine, biometry has been used mainly only 
in the s^dy of inheritance and in the correlation of characters in large popu- 
latioi^ of plants and animals. Its use has been thus limited because only in 
such studies have conditions been so controlled that none but the factor or 
factors under observation could affect the results, and because it has been 
possible to use large numbers of individuals for such investigations. 
Biometi^r should have a place in the study of crop-survey data wherever 
large numbers of records are involved, in order that the coefficient of 
correlation may serve as a check on the conclusions otherwise drawn and 
t^t it may funaish, thru its frequency table, a description of the prevailing 
practice in the region in question. 

Tolley (1917) states that the coefficient of net correlation affords a 
good means of determining the net effect of each of several factors bearing 
on a result, or of eliminating the effect of other factors when it is desired 
to find the true relationship between any two. Applying biometrical 
methods to farm-survey data on fattening baby beef, Tolley has shown 
how the gross apparent correlation between any two or more factors may 
be substituted in a' derived formula and the net correlation of any two 
factors thereby deduced. 

A biometrical analysis of some of the more influential factors involved in 
this study has been made, altho, owing to the relatively large numbers of 
records used in each study, only the gross correlation has been computed. 
Aside from the actual significance of the coefficients obtained, much 
information of descriptive value relative to the frequency of a given 
practice may be found in the frequency distribution tables. One of 
the chief functions of biometry is description. It affords a means of 
classifying a group of individuals not possible by any other means. 

THE TAKING OF RECORDS 

Five men constituted the party employed in the taking of records in 
1913. This made it possible for four of the party to travel thru the 
potato regions in pairs while the fifth man copied and checked each day’s 
records. In this way, any discrepancies in the records could be checked 
up by a return visit to the grower or by discussion within the party. The 
data on the 1913 crop were taken in 1914 by two men. 

As previously noted (Spillman, 1917), the value and accuracy of survey 
data depend largely on freedom from bias. This may well apply to the 
selection of farms to be observed. Therefore it was decided that for these 
surveys the only limitation in the selection of a farm was to be in the 
acreage of the crop produced the previous year. This limitation was set 
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at a minimum of 6 acres, tho a very few records Were taken on farms 
having a production area of only 4 acres. The reason for the establish- 
ment of tlua minimum limit lies in the assumption that powers of acreages 
smaller than 5 are probably not growing potatoes in a manner comparable 
to the average of the region. The data on cost of production, tho obtwned 
at the same time and in^cated on the survey bla^, are not a part of this 
study. The subject of cost has been studi^ by Fox (1919), formerly of 
the Department of Farm Management at Cornell University. 

DESCRIPTION OF REGIONS SURVEYED 

For a better understanding of the environmental conditions under 
nrhich the potato crop was produced, a brief description of climate, soil, 
topography, elevation, length of growing season, market facilities, type 
yf farming, land values, and status of potato production, is given for each 
yf the four regions surveyed. Unfortunately, of the regions concerned, 
>nly Monroe and Clinton Counties have been soil-survey^ by the United 
States Department of Agriculture. More detailed knowledge as to these 
mvironmental influences may be obtained from figures 126 to 129. 



Fia. 126. bIjBVationb of the hegions subveted 
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LONG ISLAND 

Most of the potato crop in Suffolk County is grown east of Riverhead 
on both the noi^ and the south shores of Long Island. The Long Island 
Railroad furnishes the transportation facilities for practically all of the 
surplus crop of region. Most of the roads are improved to a high 
degree. Thus the tune required for shipments to reach New York City 
leed not be over one day and no delay is necessitated by transfers to 
)ther railroads. 



Nearly all of ^e crop in Nassau County is grown north of a line drawn 
Mt and west thra the central part of the county. Most of the surplus 
TiMra f ‘ ^ transported directly, in heavy wagons and motor 

Ticks, to the W^bout and Harlem Markets in Brooklyn. 

he greater pa^ of Long Island is of marine deposit formation, the 
ovation ra^g froiu a point at about sea level, in the Hampton section, 
L™.v I places on the north shore. The 

lo 1,5^ elevation of the potato fields surveyed was 65.5 feet. Due to 
elevation of the south shore, the crop is exposed to heavy sea fogs 
mch make conditions favorable to the development of late blight. The 
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topography is in genertt fairly level, tho the slightly rol^ rfong 
the north shore gradually rise until they merge into promment h^ along 

the Sound. ^ " \ - . 

The potato sections of Long Island ^ow an average groOT^ 5 *eeaspn lam- 
fall of from 16 to 20 inches, which is somewhat higher t^ that of of 
the potato actions of New York. Rainfall sddom limits productiwi here. 
The tempering influence of tHe Atlantic Ocean affords a growing season of 
approximately 200 4ays between killing frosts, which is greater than that 



of any other section of New York. The growing , season on Long Island 
is fully a month earlier than that in the other three regions under dis- 
cussion. 

The soil of most of the potato-lowing areas of Long Island is a sandy 
texture, topped by silty loam in layers of varying thickness, "pm is 
counter to a rather common impression that the Long Msmd crop is pro- 
duced in ^dy sod. The greater part of tlie central section of island 
does consist of sand, and this supports little vegetation aside from scrub 
oak and pine. That the potato^ are grown mainly on the Sassafras 
series of soil is shown in flgure 129* 



Fig, 129 . soil sbbies of the REaroNs subtethd 
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The importance of the crop on hong Island is shown by t^e fact that no 
regular system of crop rotation is practiced, potatoes being gro^ for 
seveiul successive years on the same land. In ordw to maintain tl^ 
humus content, cover crops of rye are turned under each spring. The 
commonest practice is two to four yeare of potatoes, the land beiz^ cover- 
cropped to rye over winter. Along the north shore, wh^ a*rotation 
is sometimes used, wheat seeded to clover and timothy follows potatoes, 
the hay being grown from one to two years before the sod is plowed for 
corn, cabbage, and cauliflower. Potatoes then follow these cultivated 



Fig. 130 . HABvas’nNG ibish cobbijsrs in Nassau cottntt in jult 

The large isunature vines should be noted 

crops. Wheat and hay are the principal rotation crops on the southern 
shore. \ 

Much double-cropping is practiced in Nassau County, the early potatoes 
being harvested in Julj^ and the second crop in late August and early Sep- 
temT^r. Land producing a first crop of potatoes is commonly planted to 
turnips, beets, carrots, or other root crops, or is set to cabbie for the fall 
market. Rye is used here also as a cover crop. A field in which Cobblers 
were harvested one day and turnips were planted the next day, is shown 
in figure 130. 
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L^d values are higher on Long Island than in the other potato sections, 
partly becai^ much of the land in Nassau County is held for real-estate 
pmpos^ and partly because of its geographical advantages and adapt- 
ab^ty for potato production. The values range from 1100 an acre m 
° $1000 an acre, real-estate value, in Nassau County 

Tl^ average size of the farms surveyed was 65 acres, of which 37 per cent 
was m potatoes. On the average, 44 per cent of the total crop acreage 
m potatoes, while the average potato acreage per farm was 24.8. 
The potato crop is relatively more important in the farming system here 
than elsewhere among the regions surveyed. 

records taken on Long Island was 330, representing a 
total of 8188.16 acres planted to potatoes in 1912. The average yield 
per acre, on the farms surveyed, was 175.5 bushels. 

STEUBEN COUNTY 

The area of most intensive production in Steuben County lies in its 
northe^tem pa^, along the Cohocton River valley and in the hill sections 
on each side. The Delaware, Lackawanna & Western and the Erie Rail- 
road handle the potato shipments. Local buyers take most of the crop 
from the grower, buying it either at harvest time or on contract. They 
store it in temporary warehouses along the railroads or ship it direct 
Because of the unevenness of topography and the heavy nature of the 
soil in tms county, the highways are often so poor that the movement of 
me crop from field or cellar to the shipping point is seriously handicapped. 
For this reason, most of the crop is moved at the tfties when the 
roads are m the best condition. Much of it is shipped to New York 
and Philadelphia, but the variety Spalding's Rose 4 is sent to Florida 
as seed. 

The elevation of the surveyed fields ranged from 1200 to 2100 feet, the 
average being 1659.2 feet. This wide range in elevation has considerable 
i^uence on the development of the potato crop, as is indicated by this 
study. A lai^ part of the total crop is produced on hillsides of vaiying 
slope, the mclme often being so steep as to limit the use of heavy machinery: 

^ hand, many of the b^t potato fields are found on the level 
table-lands at the highest elevations. 

Northern Steuben County has an average growing-season rainfall of 
^ 18 inches, which is sufficient for maximum crops. Because of 
the heavy natee of the soil, years of abnormally large rainf^^ (rften cause 
much loss from blight rot. The growing season between kiHiwfg f roshs 
and is usually sufficient to mature the crop. Because 
of better mr drmnage and cooler average temperatures, the crop is often 
later and the yields are larger on the farms at the high&r elevations. This 

not in 1912, however, as is shown later in the dkcussion of ^ 

influence of elevation. 
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Kvb soil SBriss are principally concerned in tihie area studied in Steuben 
County, as shown by figure 129. Nearly half of the crop of 1912 was grown 
on Lordstown silt loam, which gave a higher average yield th^ any other 
series. In elevation this soil series is next to the Volusia senes, whi^di is 
found only at the hipest elevations. Tho both of these soil series are 
naturally low in fertility, the highest average yield was obtained on the 
Lordstown series, while the lowest average yield was produced on the 
Volusia series. The soils on the hilltops are largely derived from shale and 
sandstone; the valley soils, altho naturally higher in fertility, contain 
more stone and gravel. 

Relatively long and fixed rotations are used in Steuben County, the comr 
monest being potatoes, oats, hay two years. Frequently the sod is left 
until long past its profitable stage for hay, with the ^ult that the humus 
content remaining for the potato crop to follow is seriously depleted. 
Farms on which the sod was left down for the shortest period of years 
showed the highest yield, and vice versa. Sometimes wheat followed 
oats in the rotation, giving two successive years of grain. The wheat wai? 
used as the nurse crop. These farms showed a higher average yield of 
potatoes than did the farms using only one year of grain. This may have 
been due to the additional residual fertilizer left from the second year of 
grain, or possibly to production on better soil than is ordinarily devoted 
to potatoes. Buckwheat, in which Steuben County ranks second according 
to the United States census of 1909, is commonly used to follow old sod 
land that is being broken for potatoes or to break virgin land recently 
cleared. On t%e smaller potato farms, corn for grain or silage is grown in 
the rotation with potatoes. 

Land values are as low in Steuben County as anywhere in New York, 
for much of the land is infertile and rough, and little of it has been sold 
or rented in recent years. The estimated values ranged from $25 to $80 
and more an acre, the average being about $50. The average size of the 
farms surveyed was 145.8 acres, 10 per cent of this being in potatoes. The 
per cent total crop acres per farm in potatoes was 18. The average 
yield per acre on the 360 farms surveyed, which represented a total of 
6301.1 acres of potatoes, was 136.4 bushels. 

MONROE COUNTY 

The potato section of Monroe County covers most of the region east, 
west, and south of Rochester. Potatoes are an important crop on most 
of the farms south of the fruit belt that extends across the northern border 
of the county abutting oA Lake Ontario. Excellent railroad facilities pro- 
vide transportation for the marketing of the crop, loading stations being 
located on the New York Central, the Lehigh Valley, the Delaware, 
Lackawanna & Western^ the Erie, and the Buffalo, Rochester, & Pittsburg 
Railroad. 
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■ ^ influential factor in this region, since its variation 

IS only between 400 and 1000 feet, the average being 592.5 feet. In general 
the topography IS gently roUing, and in only a very few places is it suffi- 
cientty uneven to affect production or the usual cifltural practices 

The growing-season rainfall is somewhat less than that of the other 
regi^ r^i^ normaUy from 14 to 16 inches. However, it is seldom 
insumwent for maximum production. Due to the tempering influence of 
Lake Ontano, the average growing season is 165 days, which is somewhat 
longer than that qj the other regions except Long Island. 

The ^ils on which the potato crop is produced are principally of the 
Dunkirk and Ontario series, as shown in figure 129. Altho both of these 
sons are naturally fairly fertile, a study of comparative yields shows that, 
other wiiD^ being equal, the Dunkirk soils gave the higher production. 
The soil nmp of Monroe County shows an especially wide range in soil 
types withm each of these series. 


The cropping system of this region is usually a four-years rotation of 
potatoes and grain or another crop, oats, wheat, hay. Com is most 
commonly chosen as the additional cultivated crop to be raised with 
potatoes, tho beans and cabbage are sometimes used. The value of potato 
land ranged from $50 to $250 an acre, the average acre value being $150 
The farms surveyed averaged 112.07 acres in size, 11 per cent of the total 
acre^ being m potatoes; and the importance of the crop is emphasized 
by the fact that 15 per cent of the crop acreage is in potatoes. The average 
^eld per acre of the 1913 crop, for the 3728.25 acres of potatoes on the 
300 farms, was 126.2 bushels. 


franklin and CLINTON COUNTIES 

The areas of production in Franklin and Clinton Counties are two- one 
consiste of a broad, level stretch of fertfle valley land along the St. Law- 
rence River, extending across the northern end of Franklin County and 
over mto Clinton County; the other consists of hill and valley farms 
on each Side of the Saranac River, in central Clinton County. In both these 
areas the potato lands extend back into the foothiUs of the Adirondack 
Mountains. Most of the production centers in Franklin County are located 
^ong the Rutland Railroad, while the Delaware and Hudson Railroad 
handles most of the crop of Clinton County. The greater part of the sur- 
plus IS n^rketM in the eastern seaboard markets after the early crops of 
Island^, ^ew Jersey, and the South have been sold. A thriving 
rade in seed potatoes has been developed with Long Island, New Jersey 
and southern points. , 

B^g in cl<^ proximity to the Adirondack Mountains, this region has 
a wide range m elevation. It varies from 300 to 1850 feet, the averse 
sumyed being 1038.2 .feet. The exceUent yields obtained 
at tne higher altitudes are due largely to the cool climate there afforded. 
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In ffite irf the range in elevation, very little of the is pcroduced on 
a^^hisg but level land. itois diong ike St. Lapfrenee Kiyer valley 
jifyjw yyftHy level or gently doping toward the river, ^ mod of the crop, 
in (Si^n County is also grown on fdriy level fields, wber in the Saranac 
iKiver vafl^ or on top of die fooMls of the AdirondiSja. 

. Ihie to Ae northerly latitude of this region the groro^ season is idar 
4tdy diort, the average period betwe^i killing frosts being 150 .days, 
l^vationand latitude are jointly wmtributii^ factors f<» ^ ideal potato 
<^Qaate conducive to laf e maturity of the crop. As a^rule the growth is 
atopp^ by frost, resulting in a crop more ot less immature at barest 
%y} This gives a product of excellent seed value and keepii^ qualiti^. 

growing’'Seasoii rainfall averages from. 14 to 18 inches, the mountain 
areas recdvii^ the greats precipitation. The rainfall is uniform thruout 
the g^wing season, each month avera^ng 3 or more inches. 

Most of the soils of this region are a fine sandy loam and are included 
in the Ontario, C^ma, and Terrace soil series. The Ontario series com- 
prises the area along the 6t. Lawrence River, sad the Cdoma and Terrace 
soils comprise most of the area in central Clinton Coimty (fig. 129). The 
Ctatario series is largely of sedimentary origin and its fertility is rather 
higher thgn the average; while the Galoma and Teri^ace soils are mainly 
of glacid drift formation and are of only mediocre fertility. 

The commonest system of cropping is a five-years rotation of potatoes 
and com, oats, hay three years. The com is used mainly for silage. 
Hops have been regarded as a relatively important cultivated crop in the 
Franklin County area until recently, when low prices, disease, and com- 
petition with the western crop caused a decided decrease in acreage. At 
present, potatoes are the chief source of cash income in this district. Land 
values here are similar to those in Steuben County, the range being from 
110 to 1100 an acre, with the average at about S50. 

The average size of the farms surveyed was 169.5 acres. Only 4 per 
cent of the total acreage, and 10 per cent of the crop acreage, was in 
potatoes. The average yield per acre on the 300 farms surveyed, repre- 
senting 2160 acres, was 179.3 bushels. 

METHOD OF STUDYING SURVEY DATA 

As previously pointed out, one of the handicaps in any effort to de- 
termine, by an analysis of survey data, the absolute influence of a single 
factor on yield, lies in the diOBculty of separating the influence of other 
factors from that of the one in question. This is a necessary step, how- 
ever, in insuring accuracy and a correct interpretation of results. A 
preliminMy study of factors influencing potato yield in Steuben County 
in 1912 (Hardenburg, 1915 b) indicated that the most important factors 
were the amount of Seed used per acre, the value of manure and fertilizer 
employed per acre, and the frequency of bordeaux spraying. The r^ults 
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of the present study have borne out that conclusion. Therefore, in con- 
sidering the influence of a given factor on yield, an effort has been made 
to eliminate as far as possible, or at least to give due credit to, other con- 
tributing factors. 

Since the study of each region concerns but a single year, too definite 
conclusions must not be drawn in interpreting the data presented. De- 
pending upon the normality of the season in which the crop was grown, 
the di^ree of influence of a given factor may or may not be maintained 
under average conditions. Tho cultural practices are not usually varied 
radicjdly from one year to another, differences in the length of the grow- 
ing season, in the average growing-season temperature, and in rainfall, 
tend te affect the influence of those practices. Therefore it will not be 
possible to answer, in any appreciable degree, many of the questions 
that wiU be raised. The consideration of experimental results is there- 
fore of value in furnishing background for the study of each factor. As 
stated by Warren (1914), there are questions that can be answered only 
by a study of the results obtained on farms, and other questions that can 
be answered only by the results of experiments. 

Little attempt has been lUade to discuss any potato literature except 
that pertaining to seed, fertilizers, and planting, these being obviously 
the most influential factors under the grower^s control. In reviewing the 
literature, one is impressed by the large quantity available and by the 
meagemess and unreliability of the data given to substantiate the state- 
ments. 


THE STUDY OF FACTORS 
climate 

A brief review of climatic conditions in each of the surveyed areas has 
been given, not because of any definite influence on the crop under con- 
sideration, but to make clearer the normal conditions to which the crop 
is subject. Facilities for taking weather data in each of these regions 
are not yet sufficient to allow of any attempt at the correlation of rainfall 
and temperature with yield for a given year. 

In general, the average growing-season temperature to which the crop 
is subject has a marked influence on the vitality of that crop as used for 
seed. Briefly, high temperatures tend to produce devitalization. Long 
Island growers obtain average yields ranging from 150 to 250 bushels per 
acre from new Maine seed, but the use of the same stock for seed a second 
V'ear results in greatly inferior yields, as is indicated in figure 131. The 
same principle is demonstrated in the rather common practice of introduc- 
tng seed from northerly latitudes, a practice which is justified on the basis 
of better yields, as is shown in the tests cited under the caption Source 
?/ md. 



Fig. 131. growth variation between new and one-teab-old maine seed stock on 

LONG ISLAND 

The photcgr^h shows also the charactemtic topography of potato lands ia Suffolk County 

Valuable studies of the influence of weather on the yield of potatoes 
in Ohio for. a period of fifty-five years have been made by Smith (1915), 
and a similar study for a period of twenty-six years has been made in 
New York by Fox (1916). The relationship of both growing-season 
rainfall and temperature, in both States, is expressed in terms of the 
coefficient of correlation (r). A comparison of these coefficients shows 
that July is by far the most critical month with respect to these factors, 
in both Ohio and New York. The coefficient of correlation between tem- 
perature and yield is in most cases negative for both States, indicating 
that yield is inversely proportional to increase in temperature. . So far 
as rmnfall is concerned, the correlation for Ohio is positive and fairly 
large, indicating that rainfall is ordinarily a limiting factor in yield. The 
correlation of rainfall and yield in New York, on the other hand, is negative, 
showing that years of high rainfall are years of low yield. . The average 
growing-season rainfall for the potato sections of New York, previously 
given as ranging from 14 to 20 inches, is evidently sufficient for this crop. 
The negative coefficient of correlation is probably a reflection of the fact 
that years of highest rainfall in New York have been years of severe loss 
from bli^t rot. 
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ELEVATION 

Elevation as a factor influencing production has been determined from 
the figures shown on the topographic sheets of the surveyed areas pub- 
lished by the United States Geological Survey. As far as possible, the 
loca^<m of the, potato fields for which data were taken was indicated on 
these top<^aphic sheets at the time of taking the data. Hie chief 
difficulty in determining the absolute influence of elevation lies in the 
fact that increase or decrease in elevation is usually accompanied by a 
difference in soil t 3 rpe. A study of elevation, therefore, really involved 
also tile consideration of both climate and soil? The writer is not aware 
that any test has ever been made in which either one or the other of these 
factors was studied with the other factor eliminated. 

Progressive increases in altitude and in latitude are similar in that each 
is accompanied by a reduction in temperature. The United States 
Weather Bureau, in computing temperature equivalents, makes use of 
principle that every 300 feet rise in altitude is accompanied by a reduc- 
tion in temperature of one Fahrenheit degree. 

Influence of elevation on Long Island 

Elevation cannot be considered a potent factor in the Long Island area, 
for its highest point does not greatly exceed 200 feet. Many farms along 
the south shore of Suffolk County are below sea level, the sand dunes 
alone, keeping out the sea. A typical Long Island potato field is shown 
in figure 131. *The relation of elevation to yield in 1912 is shown in 
table 2; 


TABLE 2. Rblatioh op Elevation to Yield on 327 Long Island Earks in 1912 


Elevaflos 

(feet) 

Nximber 
of farms 

! 

Average 
yield 
jper acre 
(bushels) 

Aver^ 
amoimt 
of seed 1 
used 
per acre 
(bushels) 1 

Average 
value of 
manure 
and 

fertiliser 
per acre 

Average 

elevation 

(feet) 

1- 60 

i 

157 

178.3 

12.9 

$35.31 

26,4 

50-100 

87 i 

157.5 

12.0 

27.71 

64.8 

100-150.% 

53 1 

184.3 

12.4 

32.20 

117.2 

150 - 200 

22 

188.8 

12.2 

33.01 

167.7 

200 and over. . . . 

8 

196.3 

13.4 j 

31.65 i 

218.1 

Total 

* 327 


1 

i 








Averajte 

i . . 

175.3 

12.5 

$32.39 j 

65.5 
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Altho there is no proof in table 2 that the yield increases with an increase 
in elevation, there is a slight indication that this may be true. The farms 
located at 50 to 100 feet elevation had a lower yield than those at the 
lowest elevation, partly because they received less seed and fertilizer 
than ^y other group. Furthermore, the farms at the lowest elevation 
received slightly more than the aver^ amount of seed and fertilizer per 
acre. It is improbable, however, that the wide difference in yield between 
the two groups at the lowest elevations was due entirely to differences 
in amount of seed and fertilizer. There may have been some basic reason 
why the 87 growers at the 50-to-100-feet elevation used the least seed 
and the least fertilizer, which would account in part for the lower yield. 
No such reason is apparent, however, from the data at hand. 


Influence oj elevation in jSieuben CouTity 

The average elevation of the farms visited in Steuben County is greater 
than in any other of the regions concerned in this survey, it being 1659.2 
feet. The elevation varies from 1200 to, 2100 feet, a range of 900 feet, 
and within this range there is a considerable variation in the soil types, 
as is ^own later in table 13 (page 1770). A summary of, the average 
yields obtained at various elevations is given in table 3: 


TABLET 3. Reiation or Elevation to Yield on 355 Steuben County Fahms in 1912 


Elevatioa 

(feet) 

Number 
of farms 

Average 
yield 
per acre 
(bushels) 

Average 
unharvested 
yield 
per acre 
(bushels) 

Average 

elevation 

(feet) 

1200-1300 

9 

148.8 

24.6 

1,243. 

1300-1400 

36 

166.6 

13.1 

1,336.1 

1400-1500... 

39 

129.7 

20.5 

i;426. 

1500-1600 

46 

136.4 

20.0 

i;530. 

1600-1700 

46 

133.9 

24.1 

1,630.: 

1700-1800.. 

63 

131.6 

29.0 

1,732. 

1800-1900 

61 

138.3 

30.7 

1,829.' 

1900 - 2000 

34 

134.6 

27.9 

1,920 

2000 - 2100 

21 

124.7 

17.0 

2,033.' 

Totd..- 

355 




Averaj^e 


136.4 

24.2 

1,659. J 


A general tendency for yields to decrease as elevation increases 
nmcated by table 3. This is counter to the expected influence of altitude 
and may be explained by the fact that the soil at the higher altitudes oi 
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this region is heavier and of lower natural fertility. Further evidence 
of this condition is found in the figures showing a greater percentage of 
unharvested yield due to bhght rot, which is so common in these heavier 
soils, at the higher elevations. 

The Green Mountain, or white-sprout, type of potato withstands less 
heat than does the Kural, or blue-sprout, type. Where the growing- 
season temperature is relatively cool, as in Franklin and Clinton Counties 
and on Long Island, the white-sprout type is therefore more common. 
In Steuben County, of 94 farms growing the white-sprout potatoes, 61 
per cent were located above 1660 feet elevation and only 39 per cent were 
located below this level. Of 239 farms growing the blue-sprout type, 
50 per cent were above and 50 per cent were below 1660 feet elevation. 
There is some tendency, therefore, to grow more of the white-sprout type 
at the cooler altitudes. 

Influence of elevation in Monroe County 

The range of elevation in Monroe County is between 400 and slightly over 
800 feet. Little opportunity is therefore afforded to study the influence 
of this factor in this region. The figures in table 4, interpreted in the light 
of average seed and fertilizer used, show that elevation has some tendency 
to increase yield. 


TABLE 4. Eblation op Elevation to Yield on 296 Monroe Cocntt Fabics im 1913 


Elevation 

(feet) 

Number of 
farma 

Average 
yield 
per acre 
(bushels) 

Average 
amount of 
seed used 
per acre 
(bushels) 

Average 
' value^of 
manure and 
fertilizer 

400 - 500 

30 

130.5* i 

12.6 

114.03 

500 - 600 

107 i 

122,8 

12.5 

11.20 

600-700 

129 

116.0 

12,4 

10.86 

700-800 

23 i 

■ 165.2 

12.5 

11.56 

800 and over 


7 1 

225,4 

14.7 

11.39 

1 

1 



Total 

296 








Average 


1^.1 

12.5 

$11.34 





Influence of elevation in Franklin and Clinton Counties 

A variation of over 1500 feet elevation in the farms in Franklin and 
Clinton Counties affords excellent opportunity for the study of the influence 
of elevation on yield. The summary given in table 5 shows a rather marked 




1162 


Earle V. Hardenbxjrg 


TABLE 5. RbIiAtion of Elevation to Yield on 290 Fbankltk and Cunton Countt 
Farms in 1913 


Elevation 

(feet) 

Number 
of farms 

Average 

yield 

per acre 
(bu^els) 

Average 
amount 
of seed 
used 
per sen* 
(busheUi) 

Average 
value oS 
manure 
and 

fertilizer 

Average 

elevation 

(feet) 

600 

33 

154.8 

11.6 

112.90 

437.7 

600- 800 

19 

154.9 


11.12 

697.1 

800-1000 

31 

185.1 

11.6 

13.09 

895.5 

1000-1200 

47 


12.1 

13.10 


1200-1400 

101 

179.1 

12.2 

12.72 

1,^.9 

1400-1600 

42 


12.5 

13.22 

1.468.6 

1.709.7 

1600-1850 

17 

193.4 

11.8 

14.13 






TfitAl 

290 










AviRTage 


177.3 

11.9 

112.91 

1,038.2 






influence of this factor. With the amounts of seed and the value of manure 
and fertilizer used approximately equal, the best yields were produced at 
the higher mountain elevations. 

Since the increase in elevation for this region is accompanied by a con- 
siderable variation in soil type, a part of the increase in yield at the higher 
levels may be due to the latter factor. However, since Franklin County 
f has not been soil-surveyed, it is impossible here to measure accurately 
the influence of jthe soil. Very little difference in soil type was evident 
between the Dover fine sandy loam of the lower elevations and the 
Caloma fine sandy loam of the higher elevations in Clinton County. 

CROP rotation 

The benefits of .crop rotation to a heavy-feeding cultivated crop such as 
potatoes have long been recognized. The crop survey as a means of com- 
paring various rotations in a ^ven, r^on, however, has very limited possi- 
bilities, for in the older farming regions the same general type of rotation 
is followed thruout. Veiy few tests have thus far been made by the experi- 
ment stations to determine the most suitable place in the rotation and the 
best length of rotation for potatoes in a given region. Probably the most 
valuable work has been done by Hartwell and Damon (1916) in their 
twenty-years comparison of different rotations of corn, potatoes, lye, and 
^ass, at the Rhode Island Station. The principal feature of this work 
lies in a comparison of four-, five-, and six-years rotations of potatoes, 
lye and rowen, grass, com, the grass being left down for from one to three 
No stable manure was used, but complete commercial fertilizers 
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TOre added to the sod each year. In the matter of fertilizers, Hartwell 
,nd Danjon^s experiment is not comparable to farm practice in New York, 
ehere little or no commercial fertilizer is ever used, stable manure being 
^neraHy applied, instead,, as a top dressing, during the last year of sod 
ir perhaps just before plowing for corn or potatoes. The average yields 
)er acre of potatoes obtained by Hartwell and Damon, in the rotations 
ncluding grass for one, two, and three years, were 200, 199, and 223 
ju^els, respectively. It appears that their commercial-fertilizer treat- 
ments were sufficient to maintain a maximum condition of sod thruout the 
hree years. 

■A t^t on the influence of various fertilizers on potatoes, conducted at 
;he Rothamsted station, is reported by Hall (1905), In this test the crop 
yas grown for twenty-six consecutive years on the same land, and under 
jach treatment the yields declined during the later as compared to the 
earlier years of the test. Long Island is the only section in New York 
in which the crop is grown without rotation, and it is only the in- 
creased use of fertflizers that has maintained yields there. Not only is it 
difficult to get sufficient stable manure for the potato crop on Long Island, 
but many growers do not find it economical to haul fertilizer in this form so 
great a distance as would often be necessary. Consequently, each year 
more than a third of the growers sow a cover crop of rye after potatoes. 
Some use the cover crop every year, while others use it only every second 
or third year, and some not at all. In the consideration of the influence of 
cover crops on yield, only those fields are included on which a cover crop 
was grown in the fall and winter preceding the potato crop. In table 6 
the average yields that are obtained directly after cover crops, are com- 
pared with those obtained when no previous cover crop had been used. 


TABLE 6. Rbwhon op Cover Chop to Yield on 313 Long Island Farms in 1912 


Treatment 

Number 
of farms 

Average 
yield 
per acre 
(bushels) 

, Average 
amouD^t of 
seed used 
per acre 
(bushels) 

Average value 
of manure and 
fertilizer per 
acre 

Dover crop 

No cover crop 

131 

182 

174.1 

177.3 

12.6 

12.5 

$32.61 

32.25 

Total 

313 

i 







Average. . . . . . , . 


|75.5 

12.6 

$32.40 




r 


[ The figures given in table 6 should not be construed to mean that cover 
|crops are not beneficial to the potato crop on Long Island, because the 
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yields obtained in the.^up listed as not using a cover crop may have been 
produced on farms which used a cover crop two or three years previously 
or on farms whose soil was naturally higher in organic content. Granting 
this, the data oh cover crops for Long Island are not sufficient to indicate 
either advantage or disadvantage accruing from its use. It is true that 
in 1912 growers who had not sown a cover crop the previous fall did not 
attempt to supplement the soil fertility by using more fertilizer. This 
in itself may indicate that, in the main, only those growers who actually 
needed the cover crop to maintain yields were the ones who used it. 

The rotations followed in Steuben County, consisting usually of potatoes, 
grain, and hay, vary principaDy in the number of successive years that 
9ie hay and the grain are left on the same ground. Commercii fertilizer 
is applied lightly at the time of planting potatoes, and, altho what stable 
manure is available is put on the sod to be plowed for potatoes, there 
is seldom enough to cover the entire potato acreage. The yields of hay are 
largely dependent on the residual fertilizer left from that applied directly to 
the ^ain crops. Thus in the longer rotations, in which sod is left down for 
three or more years, only a poor supply of root and stubble residue is left 
to supply humus to the potato crop. A comparison of the influence on 
the yield of various types of rotations in this region is shown in table 7: 


TABLE 7. Relation OF Rotation to Yield on 240 Steuben County Faems in 1912 


Potatoes, 8r*u», ^y. . 
Potatoes, grain, fiay, 

hay 

Potatoes, grain, hay, 

hay, hay 

Potatoes, grain, grain. 

hay, hay 

Potatoes, grsin, grain, 
hay, hay, h^. . 


Manure or fertiliser on 
part of acreage 


Num- 
ber of 
farms 


13 

117 


Average 

3aeld 

per 

acre 

(bushels) 


177.0 
134.9 
122.7 

150.1 
143.0 


Average 
amount 
of seed 
used 
pear 
acre 

(bushels) 


10.9 

10.3 

10.0 

9.2 

8.S 


Manure or fertilizer on 
entire acreage 


Num- 
ber of 
farms 


Average 

yield 

per 

acre 

(brishels) 


189.1 

150.1 
m.o 
160.9 
160:2 


Average 
cost of 


and 

f^- 

lizer 


S 10.51 

13.98 

11.95 

13.34 

20.34 


No manure nor fertilizer 
used 


Num- 
ber of 
farms 


Average 

yield 

per 

acre 

(bushels)! 


160.0 

106.2 


Average 
amount 
of seed 
used 
per 
acre 

(bushels) 


7.5 

9.6 
10.5 


Ehmmating the factors of seed and fertilizer as given in table 7, the yield 
consistently decreased with each successive year that the sod remained in 
rotation. This shows the tendency of the seeding to become thinner and of 
value as a source of humus for the potato crop, the older it becomes, 
ihe figures for the last two roUtions in the table — which differ from the 
first three m that they contain two years of grain instead of one, and from 
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each other only in the number of years of successive hay crops — show 
a higher average yield of potatoes with them than with the first three 
This may be due to the additional residual fertilizer left from that applied to 
the extra year of grain, or to the factor of naturally better soil as indicated 
by the tendency to produce more gr ain 
The type of rotation commonest in each region is indicated by the figures 
in table 8 on the percent^e of total crop acres occupied by each crop 
listed. No fixed rotation is indicated for Long Island, where potatoes are 
grown for a varying number of successive years on the same land. The 

TABLE 8. Relative Importance of Crops on Farms Surveyed- 


Per cent of crop acres 


Crop 


Hay..., 

Potatoes ....... 

Oats 

Com for grain . . 

Wheat 

Orchard 

Rye 

Com for silage . . 

Cabbage 

Sweet corn 

Beans 

Buckwheat 

Cauliflower 

Barley 

Garden truck . . . 
Brussels sprouts 
Com for fodder . 

Alfalfa 

Peas 

Oats and barley . 
Sugar bush 


Long 

Island 

Steuben 

County 

Monroe 

County 

Franklin 

and 

Clinton 

Counties 

Average 

12 

42 

24 

59 

34.25 

43 

18 

15 

10 

21.50 

2 

21 

17 

19 

14:75 

15 

1 

6 

1 

5.75 

5 

3 

14 

0 

5.50 

0 

1 

8 

2 

2.75 

1 

4 

4 

1 

2.50 

1 

0 

2 

4 

1-75 

4 

0 

3 

0 

1.75 

5 

0 

1 

0 

1.50 

1 

0 

4 

0 

1.25 

0 

4 

0 

1 

1.25 

5 

0 

0 

0 

1.25 

0 

2 

1 

1 

1.00 

4 

0 

0 

0 

1.00 

2 

0 

0 

0 

0.50 

0 

1 

0 

1 

0.50 

0 

1 

1 

0 

0.50 

0 

1 

0 

0 

0.25 

0 

1 

0 

0 

0.25 

0 

0 

0 

1 

0.25 


figures for Steuben County indicate a rotation of potatoes, oats, hay 
two years; those for Monroe County, a rotation of potatoes with corn or 
beans or cabbage, oats, wheat, hay one to two years; and those for Franklin 
aiia Clinton Coimties, a rotation of potatoes with corn, oats, hay three 
years. » » j 

A review of the experimental literature on the influence of crop rotation 
m potato production shows a striking preference for either grass, or a 
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letrume productive of considerable vegetative growth, as a crop to precede 
ootatoe^ This is evidence of the efficient use which the poUto crop is 
able to make of this fonn of organic material. Such legumes as wwpeas, 
soybeans, and crimson clover commonly precede potato m the Southern 
and the South Atlantic States, while timothy, in TOmbmation with r^ or 
alsike clover, is used generally thruout the prmcipal potato States. Alf^a 
is considered the ideal legume to precede potatoes m the alfalfa belt of the 
West. The root and stubble residue from these crops not only contnbjites 
to the food requirements of the potato,, but also improv^ the ^ration, 
the temperature, and the moisture-holding ability of the soil. 

Generally speaking, the rotations of the three regions aside frwn Long 
Island are long enough not to serve as factors limiting yield except as the 
type of rotation may affect fertilizing practices. Inasmuch as the avail- 
able stable manure is not usually applied for the benefit of the hay crops, 
and "the residual organic fertility is not thereby maintained or improved, 
the sod residue commonly turned under before potato planting is usually 
less valuable after a three-years stand than after a stand of shorter 
duration. 

VALUE OF LAND 

The farmer’s estimate of farm land values is very often not based on 
productive value, altho this factor, together with the distance from rail- 
road and city and the salability of the farm, usually enters into the appraise- 
ment. A correlation of estimated value with average yields wiU show, 
in a measure, the extent to which productive ability of potato land en^rs 
into its ev^uation. App (1916), studying the factors that influence 
farm profits on potato farms in Monmouth County, New Jersey, found a 
consistent tendency for farm acre values to decrease as distance from the 
rmlroad increased. His similar conclusions with respect to crop acre 
values and labor income, however, do not seem warranted from the data 
^ven. 

Ilie figures obtained on land values in the regions surveyed represent 
the estimated selling value of potato land only. A more important factor 
than the dis^nce from the post office, which was ascertained and used 
in making this estimate, would have been that of the distance from the 
nearest city, village, or railroad. 

Apparently, on Long Island, land valued up to $550 an acre is yielding 
an increased crop with the increase in value (table 9). However, it is 
true also that the increase in land values is accompanied by the use of 
more seed and more fertilizer, and by more sprayii^ for blight. These 
combined factors would easily account for the consistent increase in yield. 
The farms showing a land value of over $550 an acre are located prin- 
cipally in Nassau County, at a considerable distance from the post office, 
and are. appraised at their real-estate value. In fact, much of the land 
has been sold at fabulous prices for real-estate purposes and is now rented 
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TABLE 9. Eklatiow of Value of Land to Yield on 330 Lono Island Fakms in 1912 


Value 

Num- 

ber 

of 

farniB 

Average 
yield 
per acre i 
(bushels) 

Average 

distance 

from 

post 

office 

(miles) 

Amount 

of 

seed used 
per acre 
(bushels) 

Value of 
manure 
and 

fertilizer 
per acre 

Per cent 
of 

farms' 

using 

bordeaux 

Lees than $250 

118 

147.0 

2.7 

12.1 

$30.24 

24 

1250-1400 

132 

184.7 

2.3 

12.6 

33.50 

45 

$400-1550 

27 

196.7 

2.8 

13.0 

35 24 

52 

$550 and over 

53 

191.9 

5.6 

12.7 

32.73 

11 

Total 

330 






Ayerage., 


175,5 

3.0 

12.5 

[ 

$32.40 

32 


back to the^original owner who is again growing potatoes on it. Some- 
what less seed and fertilizer are used on these farms, and less spraying is 
done on theml ^ & 

• ^ j County, potato land valued up to $80 an acre gives increased 

yields with the increase in value (table 10). Tho the amount of seed used 


TABLE 10. Relation of Value of Land to Yield on 360 Steuben County Farms 

IN 1912 


Value 

Num- 

ber 

of 

farms 

Average 
yield 
per acre 
(bushels) 

Average 

distance 

from 

post 

office 

(miles) 

Amount 

of 

seed used 
per acre 
(bushels) 

Value of 
manure 
and 

fertilizer 
per acre 

Per cent 
of 

farms 

using 

bordeaux 

$25-140 

46 

111 

76 

44 

42 

41 

110 2 


9.6 

10.4 

10.1 

10.4 

10.3 

9.5 

$ 7.93 
9.01 
10.86 
11.80 
12.29 
10.31 


$40-$50 

134.1 
139 4 

o * o 

4 

$5(1460 

Q A 

6 

$60-170 

144 4 

O- D 

Q A 

8 

$70-$80 

148 2 

O.O 

o a 

0 

$80 and over 

145.1 

0 K 

0 

— 

^.0 

5 

Total 

360 






Average ... 


136 4 

^ Q 




======= 



0.0 

10.1 

$10.14 

5 


mint™ thruout, there is a tendency to spend more in 

manure and fertilizer for the higher-priced land. The real reason for 
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this is doubtless the relative cheapness with which jnanure and 
can be handled by the growers nearest the villages. The mcrea^ yield 
of the higher-priced land may be due in part to this increase m the value 
of manure and fertilizer used. Land values decre^e as the dis W from 
the post office increases, in Steuben County. Distance, in fact, may 
largely determine the valuation of potato land. ‘ai. xu 

In Monroe County, as in Steuben County, the yields increased with the 
increase in land values (table 11), the yield increase being accompamed by, 


TABLE 11. Relatioh of Value of Land to Yiew) on 297 Monkob County Fabus in 


Value 

Num- 

ber 

of 

farms 

Aver^ 
yield 
per acre 
(bushels) 

Average 

distance 

from 

post 

ofiBce 

(miles) 

Amount 

of 

seed used 
per acre 
bushels) 

i 


$ 50 ->100 

27 1 

103.4 

4.3 

n.i 

$10.86 

19 

$100- $150 

145 : 

128.3 

2.6 ■ 

12.5 

10.09 

23 

$150 -$200 

69 : 

130.6 

2.3 

12.7 

12.02 

35 

$200-$250 

56 

129.3 

2.3 ; 

13.0 

14.10 

18 


297 






X I/Wii • • • » > 






Average 



2.6 

12.5 

$11.33 

24 


TABLE 12. Relation of Value of Land to Yield on 300 Fbanklin and Clinton 
County Fabms in 1913 


Value 

Num- 

ber 

ci 

fanns 

Average 
yield 
per acre 
(bushels) 

Average 

distance 

from 

post 

office 

(miles) 

Amount 

of 

seed used 
per acre 
(bushels) 

Value of 
manure 
and 

fertilizer 
per acre 

Per cent 
of 

farms 

using 

bordeaux 

$ 10-$ 25 

29 

160.2 i 

4.2 

10.2 

$12.35 

13.73 

0 

$ 25“$ 50 

105 

173.4 

3.5 

11.3 

0 

$ S0-$ 75 

114 

189.0 

3.7 

12.9 

12.79 

2 

$ 75- $100 

42 

178 2 

2 5 

12.3 

11.83 


$100 and over 

10 

176.9 

1.6 

13.0 

15.02 




Total 

300 










lUUHH 


Average 

■■ 

179.3 

3.4 

12.0 

$13.01 

1 


nn 
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and doubtless largely due to, an increase in the amount of seed and in 
the v^ue of manure and fertilizer used. Here also the land values tend 
to decrease as the distance from the post office increases. 

In Franklin and Clinton Counties there is a tendency to spend more 
for seed, fertilizer, and spraying, on the farms having the higher-valu^ 
potato land (table 12). This expenditure is apparently justified on 
land valued up to $75 an acre. Above that point, the average yield did 
not increase even with increased expenditure. Tlds may be taken as an 
indication that such land was valued at more than its productive ability 
would justify. These more valuable farms are situated near Peru, in 
Clinton County, and are thus highly valued because of their location in 
the apple section of northern New York rather than on the basis of their 
adaptability to potato culture. 


SOIL 

It has not been possible to study the influence of soil on yield on Long 
Island and in Franklin and Clinton Counties. Altho Clinton County 
has been soil-surveyed, it is included in the tabulations with Franklin 
County, and the records taken were insufficient to justify the making of 
such a study on Clinton County alone. The Monroe County soils map, 
published by the United States Bureau of Sods, has been used in correlat- 
ing yield and other factors with the soils of that region. 

Professor E. 0. Fippin, formerly of the Department of Soil Technology 
at Cornell University, accompanied by the writer, made a reconnaissance 
soil survey of the survpyed area in Steuben County in the summer of 1916. 
Professor Fippin's fanuliarity with soil mapping in New York enabled 
him therefor to sket(^ the boundaries of the various soil types and series 
on the topographic sheets previously used in locating the surveyed potato 
fields. 

Nearly half of the crop in Steuben County is grown on the Lordstown 
soil series at an average elevation of 1718.2 feet. As indicated in table 
13, the highest average yield was obtained on this soil series in spite of the 
fact that only an average amount of seed was used and somewhat less 
than the averse value of manure and fertilizer. In contrast to this, 
the Volusia soil series, located on the hiUtops at an average elevation of 
1785.5 feet, yielded the lowest average yield of any series in spite of the 
fact that about the average amount of seed was used and more than the 
average value of manure and fertilizer. The principal difference between 
these two soil series lies in the somewhat darker color and the better 
ox dized condition of the Lordstown series. It is true that the soils of 
this r^on become lighter in texture and of higher gravel and stone content 
as the valleys are approached. This condition is probably blamable, 
at least in part, for the higher percentage of blight rot on the heavier soils 
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at the higher elevations, as indicated in table 13. Altho very little spray- 
ing for blight was done in 1912, it was noted that the fields which were 
sprayed returned a higher averse yield than those which were not sprayed; 
irrespective of the soil type. Apparently, depth of planting and date of 
planting are not influenced by soil type. 


TABLfe 13. Relation of Soil Type t6 Yield on 293 Steuben County Fabii& in 1912 


Soil type 

Num- 
ber of 
famiB 

Average 

yield 

per 

acre 

(bushels) 

Average 

unhar- 

vested 

yield 

per 

acre 

(bushels) 

Average 

value 

of 

manure 

and 

ferti- 

lizer 

Average 
amount 
of seed 
used 
per 
acre 

(bushels) 

Per 
cent of 
farms 
usiDg 
bordeaux 

Avwage 

d^th 

of 

planting 

(inchee) 

Aver- 

age 

date 

of 

plant- 

ing 

Avenge 

elevation 

(feet) 

Voluaia silt, loam 

and loam 

Lofdatown ailt loam 
Wooeter gravelly 

loam 

Rodman gravelly 

loam 

ChuiBDgo gravelly 
loam 

36 

151 

19 

59 

28 

115.9 

144.8 

126.9 

142.1 

140.4 

32.7 

25.2 

16.0 

1 

24.0 1 
i 23.7 1 

$10.79 

9.35 

11.22 

11.76 

9.25 

10.2 

10.9 

9.2 

10.1 

11.0 

0 

6 

0 

2 

7 

3.4 

3.1 

3.2 

3.0 

3.1 

May 17 
May 19 

May 17 

May 22 

May 18 

1.785.5 
1,718.2 

1,637.9 

1.406.5 

1.364.6 


293 



















Average. .■ 


139.6 

25.1 

$10.08 

1 10.6 

1 . 

4 

3.1 

May 19 

1,642.8 


In the area surveyed in, Monroe County, four soil series are concerned — 
Ontario, Dunkirk, Clyde, and Genesee. In all, fourteen soil types are 
involved, but because'of the small number of farms on some of these types, 
only those shown in table 14 are used in correlating soil with yield and 
other factors. On the basis of seed used, of value of manure and ferti- 
lizer, and of percentage of farms using bordeaux, the Dunkirk fine sandy 
loam and the Dunkirk fine sand are naturally the best for potatoes from 
the standpoint of yield, among the types considered. Altho in 1913 
nearly half of the crop in the surveyed area was grown on Ontario fine 
sandy loam, under at least average cultural treatment, it gave the lowest 
average yield per acre of any series studied. As indicated in the summary 
of table 14, the soil types of the Dunkirk series seem to give higher yields 
than those oi the Ontario series. The average amount of seed, fertilizer, 
and spraying was about the same in both series. Here, as in Steuben 
County, depth and date of planting do not seem to be influenced by any 
difference in soil type. The average elevation of the two soil series sum- 
marized is almost identical. In brief, with more seed, more fertilizer, 
and a higher percentage of area sprayed with bordeaux, the Ontario soils 
yielded 20 bushels per acre less than did the Dunkirk soils. 
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table 14. Relation of Soil Ttpe to Yield on 253 Monroe County Farms in 1913 


Soil type 

' Num- 
ber of 
’ farma 

Average 

yield 

per 

acre 

(buskels) 

Average 

value 

of 

manure 

and 

fertii- 

lizer 

Average 
amount 
of se^ 
used 
per 

' acre ; 
I (bushels) 

Per 
cent of 
farms 
using 
bordeaux 

Average 

depth 

of, 

planting 

(inches) 

Average j 
date 1 
of 

planting 

Average 

elevation 

(feet) 

Dunkirk fine eandy 









Ipam 

20 

186.6 

$11.45 

12.4 

15 

2.9 

June 14 

659.3 

Ontario fine eaody 










124 

122.0 

- 11.09 

12,6 

19 

2.9 

June S 

595.2 

Dunkirk gravelly 









loam 

32 

123.1 

9.83 

12.0 1 

25 

3.1 

June 7 

586.2 

Ontario loam 

62 

124.2 

12. 9D 

13.0 

6 

3.3 

June 6 

582.0 

Dunkirk gravelly 









Bandy bam. ...... 

11 

123.7 

9.01 

11.0 

27 

3.3 

June 8 

573.6 

Dunkirk fine sand. . . 

14 

137.2 

11.24 

12.4 

21 

3.7 

June 7 

515.0 

Total 

253 

















Average 


128.3 

$11.31 

12.6 

17 

3.1 

June 6 

591.0 

Summary 









Ontario seriea 

176 

122.7 

$11.65 

12.7 

27 

3.0 

June 5 

591.3 

Dunkirk Beries 

77 

142.6 

$10.42 

12.0 

17 

3.2 

June 10 

590.5 


PLOWING 

The study of plowing as to its bearing on yield is treated under two head- 
ings — time of plowing and depth of plowing. The average date of plow- 
ing was obtained by averaging the actual dates of plowing for each region. 
It is recognized, of course, that this date will vary from year to year, 
depending on seasonal conditions. The only region in the State in which 
fall plowing was done to any appreciable extent was Franklin and Clinton 
Counties. To determine the depth of plowing, the grower was in each 
case asked to give his estimate of the actual depth, in inches, which he 
plowed for potatoes. 

Time of plowing 

For many years, such advantages as increased liberation of plant food, 
elimination of injurious insects, and improved soil texture, have been 
pointed out in favor of fall plowing. Very little experimental evidence 
has been presented, however. Dickens (1914) has furnished data covering 
two years of work at five substations in Kansas,- all showing a decided 
increase in yield on fall-plowed as compared to spring-plowed land for 
potatoes. A summaiy of the data on the season at which potato land 
was plowed in each of the surveyed regions in this study is given in 
table 15: 
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TABLE 15. Pee Cent of Potato Land Fall- or Spring-plowed in the Assas ScRVimD 


Tim^f plowing 

1 

Long ' 
Island, 
1912 

Steuben 

County, 

1912 

Monroe 
County, 
1913 i 

Franklin 

fold 

Clinton 

Counties, 

1913 

FaU 

1.5 

1.7 

0.33 

57.0 

Part fall and part spring 

1 2.1 

8.0 

0.00 

16.0 

Spring 

96.4 

90.3 

99.67 

i 27.0 


The average dates of spring plowing in 1912 for Long Island and for 
Steuben County were April 3 and April 29, respectively. The average 
dates of spring plowing in 1913 for Monroe County and for Franklin and 
Clinton Counties were May 15 and May 12, respectively. No speculation 
as to the reason for the greater proportion of fall plowing in Franklin and 
Clinton Counties is offered, but it is presumed to be due as much to weather 
conditions for the year as to labor competition with work on other crops. 
The comparative yields on land plowed at the different seasons in Franklin 
and Clinton Counties are shown in table 16: 


TABLE 16. Relation of Time op Plowing to Yield on 300 Frankun and Clinton 
C oENTY Farms in 1913 


Time of plowing 

Num- 

ber 

of 

farms 

Average 
yield ^ 
per acre 
(bushels) ' 

Average 
amount 
of seed 
used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 

Average 

acreage 

of 

potatoes 

FaU 

171 ^ 
48 

81 

183.7 ' 

173.9 

173.2 

12.4 
11.6 

11.5 

*12.81 

14.47 

12.46 

7.2 

7.2 

7.2 

Part fall and part spring. ... . 

Spring 


Total 

300 





Average 


179.3 

12.0 

113.01 

7.2 




In view of the fact that about a bushel more of seed and a slightly higher ' 
value of manure and fertilizer were used on the fall-plowed land, the dif- 
ference m yield of ^-5 bushels per acre in favor of fall plowing may not be 
ent^ely due to a difference m the time of plowing. There is no indication 
^ ^ commoner on the larger potato acreages, since the 

average acreage was the same m all three ^oups. 
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Depth of plowing 

It might be expected thst a> crop such us the potRto, which develops 
underground and is subject to varying conditions of soil moisture and 
soil texture, would be influenced by the factor of depth of plowing. How- 
ever, no actual experinients 'with this problem have come ^o the writer’s 
attention. Dickens (1914) states that shallow plowing has given the best 
results on loamy soil at the Kansas station. Stone (1905) states that 
at the Cornell station, deep plowing on the Dunkirk gravelly soil gave the 
best results. Generally speaking, shallow plowing has been recommended 
for heavy sods and deep plowing for light soils.. 

The possibility of drawing definite conclusions from a study of a factor 
depending so much on the grower’s estimate and on only one year’s results, 
is necessarily limited. This is one of the factors that for its ultimate solu- 
tion must depend upon carefully controlled experiments on a given soil 
type in each region concerned. From the following discussion of the regions 
herein considered, it would appear that depth of plowing is an important 
factor only on soils of either extreme of texture — deep planting increasing 
the area for tuber development in heavy soils, and providing for planting 
at the nioisture-table depth in light soils. 

Depth of plowing on Long Island 

Altho the soils of Long Island arc noticeably lighter than those of any 
other potato re^on in the State, a marked correlation of depth of plowing 
with yield is evident in table 17. An increase in the depth of plowing was 
; accompanied by the use of more seed and fertilizer per acre and a greater 


TABLE 17. Relation op Depth op Plowing to Yield on 328 Long Island Farms in 1912 


Depth of plowing 
(incl^) 

Num- 

ber 

of 

farms 

Average 

yield 

per acre 
(bushels) I 

Average 

amount 

of 

seed used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 

Average 
number 
of times 
sprayed 
with 

bordeauz 

Less than 5 

26 

163.7 ' 

11.4 

$30.01 

2.5 

5-6 

60 

162.9 

11.6 

30.53 

3.0 

6-7 

119 

173.8 

12.8 

32.15 

3.0 

7-8 

65 

174.1 

12.9 

33.65 

3.3 

8-9 

36 

188.6 

12.7 

35.26 

3.4 

9 and over . . 

22 

202.1 

12.9 

32.13 

3.6 

Total 

328 





/Average, 6.3 inches. 


175.6 

12.5 

$32.42 

3.1 
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frequency of spraying- These factors contributed in some degree to the 
greater yield apparently resulting from the deeper plowing. In answer 
to the question whether the deeper plowing was accompanied by deeper 
planting, it may be stated here that, whereas the Long Island fields were 
plowed at about the samp average depth as those of the similarly light 
soils of Franklin and Clinton Counties, the average depth of planting was 
deepest on Long Island, and shallowest in Franklin and Clinton Counties, 
of the four regiqns. Apparently, deeper plowing on Long Island is to be 
advised. • 

By virtue of its descriptive value as well as its value as a means for 
measuring correlation, the biometrical method has been applied to this 
factor of depth, of plowing for Long Island, as also for the other regions, 
and the result, is shown in figure 132. The coirelation coefficient, r, here 
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16 

11 

12 

5 

7 
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1 

6 

27 

37 

81 

42 

60 

27 

23 

13 

. 8 

3 

328 


r = 0.159 ± 0.036 

Fig. 132. correlation of depth of plowing and tield on 328 long island farus in 1912 


has the value 0.159 ± 0.036. Inasmuch as the coefficient is positive and 
is more than three times its probable error, it shows a significant degree of 
correlation between depth of plowing and yield. Present-day biometri- 
cians are now well agreed that the significance of a coefficient is measured 
not alone by its absolute value, but in the light of its consistency with 
coefficients of other series or other years and its probable error. 

Depth of plowing in Steuben County 

In contrast to soil conditions on Long Island, the soils of Steuben County 
are the heaviest of any of the four regions. Nevertheless, a rather marked 
positive correlation between depth of plowing and yield is shown in table 
18. In this region, as on Long Island, the growers who plowed deeper 
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TABLE 18. BiLAnoN of Deptk of Plowing to Yield on 360 Steuben Countt Fahms in 


Depth of plowing 
(inches) 

Number 

of 

farms 

Average 

yield 

per 

acre 

(bushels) 

Average 
amount of 
seed used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertiliser 

4-6 

52 

258 

50 

125,8 ^ 

136.2 

149.4 

9.9 

10.1 

10.4 

$ 8.59 
10.39 
10.54 

6- 8. 

8-10 


Total 

360 




Average, 6.6 inches 


136.4 

10.1 

S10.06 




for potatoes were inclined to plant more seed and to use a greater value of 
manure, and fertilizer. The difference in yield of nearly 24 bushels per 
acre resulting from a difference of 4 inches in depth of plowing is evidently 
due, in part at least, to the increase in depth of plowing. The coefficient' 
of correlation shown in figure 133 is 0.190 =b 0.034, a value expressing 
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26 
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1 

3 





1 
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1 




2 

5 

26 

64 

73 

78 

52 

38 

9 

10 

0 

2 

0 

0 

1 


r = 0.190 ± 0.034 


7 

44 

133 

126 

47 

3 


360 


Fig. 133. 


CORRELATION OF DEPTH OF PLOWING AJ^D YIELD ON 360 STEUBEN COUNTT FARMS IN 

1912 


Significant correlation. Most of the crop in this region is grown on soils 
underlain at rather shallow depths with more or less impervious strata. 
Deeper^ plowing under these conditions would tend to enlarge the area 
adapted to maximum tuber development. * 


Depth of plowing in Monroe County 

The soils of Monroe County may be considered intermediate in texture 
oetween tho^ of Long Island and those of Steuben County. As a rule, they 
are deeper than those of the latter region. A study of table 19 shows no 
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TABLE 19. Eklatiok of Depth or Plowing to Yield on 261 Monroe County Farms 

IN 1913 


Depth of plowing 
(inches) 

Num- 
ber of 
farms 

Average 

peld 

Mr acre 
(bushels) 

Ava^ 
amount of 
seed used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilize 

4-7 ! 

47 

136.4 



7-8 

93 

134.2 ! 


8-9 

90 

132..'; ! 



9 and over 

31 


14.5 


Total 

261 


1 

1 





Average, 6.6 incheo 


135.6 

12.6 

$11.57 




apparent relation between depth of plowing and yield. With approxi- 
mately the same fertilization for each depth of plowing, the slight tend- 
ency for increased yields at the deeper plowing may easily be attributed to 
the larger amount of seed planted. 

The coefficient of correlation shown in figure 134 is 0.006 ± 0.039, Both 
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16 
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11 
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10 
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24 
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0 1 

1 

~T 

299 


r = 0.006 ±0.039 

Fig. 134. correlation of depth of plowing and yield on 299 monroe county farms 

IN 1913 


the coefficient and its probable error mdicate alack of relationship between 
depth of plowing and yield for this region. Apparently the minimum 
depth of plowing was sufficient for maximum production in Monroe 
County soils. 

Depth of plowirtg in Franklin and Clinton Counties 
, shown in table 20 indicate that depth of plowing does not 

infiuence yields in Frankhn and Clinton Counties. Tho the amount of seed 
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table 20, Rblation op Depth op Plowing to Yield on 299 Fabus in Franklin 
AND Clinton Counties in 1913 


Depth of plowing 
(inches) 

Num- 
ber of , 
farms 

Average 
yield 
per acre 
(bushels) 

Average 
amount of 
seed used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 

4-5 

23 

175 5 

11 3 

*14.51 

12.37 

13.33 

5-6 

70 

180 3 

11 4 

0-7 : 

118 

179.2 

12.3 

7 8 

52 

180.4 

11.9 

13.38 

12.07 

8-10 

36 

179,6 

12.7 


Total 

299 








Average, 6.2 incJiBS 


179.3 

12.0 

*13.01 




planted was increased slightly as the depth of the plowing was increased, 
the amount of fertilizer used was not increased. Consequently there would 
be ample opportunity for any influence of depth of plowing to be reflected 
in the yields under this method of study. The coefficient shown in figure 
135 is 0.028 ± 0.039, and indicates no relationship between the depth of 
plowing and the yield. 


Yield per acre, in bushels 



S 

z 

t'- 

101-125 

126-150’ 

g 

176-200 

i 

o 

lO 

s 

N 

251-275 

8 

2 

r-. 


^ 

1 

1 

3 

6 

8 

1 

2 

1 


23 

3, « 5 

5 

3 

11 

16 

19 

6 

3 

5 

2 

70 

*3'- 6 : 

2 

13 

23 

17 

32 

16 

8 

5 

2 

118 


2 

5 

8 

8 

10 

10 

8 

1 


52 

5-8 

1 

4 

4 

5 

6 

5 

4 

2 

1 

32 

119 

1 


1 


1 


1 



4 


12 

26 

50 

52 

76 

38 

26 

14 

5 

299 


r = 0.028 ±0.039 

P'lG. 135. CORRELATION OF DEPTH OF PLOWING AND YIELD ON 299 FRANKLIN AND 
CLINTON COUNTY FARMS In 1913 

MANURE AND FERTILIZER 

The commOTcial-fertihzer industry, as a country-wide enterprise, bega,n 
in the Elastem States and dates from about 1860. Previous to that time, 
the potato crop depended for its plant food largely upon the natural 
available supply of the soil, supplemented by applications of barnyard 
manure. Manure has been recommended by many experiment stations 
as perhaps the best source of nitrogenous plant food for this crop. How- 
ever, as the acre^e increased in the E^t and the sods became more 
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impoverished, the need for a commercial source of plant food became 
imperative. Today there are few crops which require more and respond 
better to fertilizer than do potatoes, tho even yet commercial fertilizer 
is used very little on the newer potato lands of Michigan, Wisconsin, and 
Minnesota. From the beginning of the fertilizer industry, hundreds of 
tests have been conducted by the eastern state experiment stations to 
determine the influence on the yield of potatoes of such factors as the 
amount of fertilizer used, its analysis, and the time and method of its 
application. According to Whitney (1910) , 1769 such tests were conducted 
between 1868 and 1908, a period of forty years. Of all the tests' made 
up to 1908, nearly 72 per cent fall within ther ten-years period from 1890 to 
1900. Twenty-three States contributed to these t^ts, and about 57 per 
cent of the total were made in New York, Ohio, and New Jersey. Whitney 
states that it is impossible to draw conclusions even from an average of simi- 
lar experiments among those listed, since the variation in the yields of check 
plots of individual experiments sometimes ranges as high as 900 per cent. 

The crop survey has been found to have its. limitations in the study of 
such questions as best analysis, best amount, or best source of ingredients, 
of a fertilizer to be used for potatoes. It is generally impossible to get 
information from the grower as to the analysis or the soiuce of the elements 
of the fertilizer he has used. Many growers who were questioned had 
been more impressed by the brand name or by the price paid for the 
fertilizer than by its analysis. An attempt to correlate the amount of 
fertilizer per acre with the yield resulting was found impracticable with- 
out knowledge of its analysis, owing to the fact that large applications of 
a cheap fertilizer might be no more than equivalent to small applications 
of a high-grade fertilizer. Furthermore, many growers used manure 
in place of fertilizer, or vice versa, while many others used both on the 
same acreage. The study of the influence of manure and fertilizer on 
yield in the surveyed regions has therefore been made on the basis of the 
combined value per acre of manure and fertilizer. Estimates of the value 
of the manure used, made by the grower, and the prices he paid for fertilizer, 
have been used. In determining the proportion of the total value of the 
manure received by the potato crop, depending on the time and place of 
its application, 60 per cent of its value was charged if it was applied directly 
to the potato crop, 30 per cent if it was applied to the crop just preceding 
the potatoes, and 20 per cent if it had been applied two years before 
potatoes. This evaluation of residual manure is not based on exact 
experimental knowledge, but is presumed to represent the approximate 
availability of stable manure for successive crops. The Department 
of Agricultural Economics and Farm Man^ement at Cornell University 
estimates that, on the heavier soils, 40, 30, 20, and 10 per cent of the 
value of manure is received by the first, the second, the third, and. the 
fourth crop after its application, respectively. On lighter soils, which 
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are more subject to leaching, probably a charge of 50 per cent to the first 
crop would be more nearly correct. A uniform basis of evaluation has 
been applied in this study. 

Homer-mixed fertilizers 

Potato growers have nev^er adopted the practice of mixmg their own 
fertilizer^ even in the regions where potatoes are raised on a very extensive 
scale. The advantage of usmg home-mixed fertilizers has usiially been con- 
sidered to lie in a saving in cost rather than in an increase in yield. Woods 
and Bartlett (1^) compared several home-mixed fertilizers with a 
common ready-mixed commercial fertilizer of the same analysis. They 
found only a very slight advantage, on the average, in favor of the home- 
mixed fertilizers. ‘ 

In table 21 is shown the relative extent to which home mixing is practiced 
m the regions surveyed. These figures indicate that an average of about 


TABLE 21. Per Cent of Growers Using Home-mixed Febtilizer on Potatoes 


Long Island 

Steuben County 

Monroe County 

Franklin and 
Clinton 
Counties 

6 

. 

5 

10 

1 ' 


5.5 per cent of the potato growers m New York mix their own fertilizer 
for potatoes. A comparison of the various ingredients which constitute 
the home-mixed fertilizers used in these four regions is given in table 22; 


TABLE 22. Peb Cent of Gbowebs Using Various Ingbedients in Home-mixed 

Febtiijzebs 


Ingredient 

Long 

Island, 

1912 

Steuben 

County, 

1912 

Monroe 

County, 

1913 

Franklin 

and 

Clinton 

Counties, 

1913 

Nitrate of soda 

95 

26 

3 1 

100 

Acid phoapbfttft . ... 1 

90 

84 


75 

Muriate of potash. 

95 

62 

87 

100 

Tankaee 

95 

0 

10 

0 

Blood and tankage . . . 

Dried blood. 

5 

0 

13 

0 

10 

0 


0 

Bone meal ... 

10 

5 


25 

Nitrate of soda and dried blood 

0 

60 


0 

Sulfate of potash .... 

5 

21 

1.3 

0 

Baw rook phosphate . . 

10 

5 


0 

Fish scrap. . . 

55 

0 

0 

0 
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The percentages shown in table 22 indicate that on Long Island, nitrate 
of soda and tankage are used almost universally as the sources of nilrogen 
in home-mixed fertilizers. As is typical of coast regions, much fish scrap 
also is used for its nitrogen content. Acid phosphate is the princip^ 
sour<^ of phosphoric acid, altho ten per cent of the growers who mix their 
own fertilizers on Long Island use bone meal, and an equal number use 
raw rock phosphate, for the phosphoric acid supply. Of the potash supply 
95 per cent comes from muriate of potash, and the remaining 5 per cent 
comes in the sulfate form. 

In Steuben County, nitrate of soda and dried blood used together was 
the main source of nitrogen, no tankage being used by the five per cent of 
growers who mixed their own fertilizer. Phosphoric acid was obtained by 
eighty-four per cent of these growers from acid phosphate, and five per cent 
obtained it from bone meal. More sulfate of potash was used in this 
region than in any of the other regions surveyed, altho 62 per cent of all 
the potash was obtained in the muriate form. 

One-tenth of the growers visited in Monroe County mix their own 
fertilizer. About an equal number of these growers obtained their nitro- 
gen supply from dried blood and from tankage. A few used nitrate of 
soda. All of these growers obtained their phosphoric acid from acid 
phosphate. Muriate of potash was used by eighty-seven per cent of the 
growers, while thirteen per cent used the sulfate form for potash. 

Only one per cent of the growers in Franklin and Clinton Counties 
practiced home mixing. These men used only nitrate 6f soda for nitrogen 
and muriate of potash for potash. Acid phosphate was the principal 
source of phosphoric acid, altho a little bone meal was used. 

Summarizing for the four regions, it is seen that nitrate of soda is the 
conmonest source of nitro^n. Generally, however, there is a tendency 
to mix nitrate of soda with either dried blood or tankage to furnish nitrogen 
in Iwth a quickly and a slowly available form. Acid phosphate and 
muriate of potash are the principal sources of phosphoric acid and potash, 
respectively. 

Quantity and value of fertilizer 

The optimum amount of fertihzer for any crop necessarily depends 
on three principal factors: the available supply of plant food in the soil, 
the feedmg requirements of the crop,' and the net return per unit invested 
in fertilizer. Of these, the first two are usually measured by the yield 
per acre, regmriless of cost, while the last is too often neglected. Macoun 
(1905) has shown, by a large number of analyses, that a 200-bushel yield 
of potatoes (exclusive of the tops) removes an average of 40 pounds of 
nitr<^n,^ pounds c4 phosphoric acid, and 70 pounds of potash, per acre 
of soil. This is about the same amount of nitrogen and phosphoric acid, 
but twice as much pota^, as is removed by comparable yields of wheat 
and com. 
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Wtocy (1910) summarized the many fertilizer experiments on potatoes 
in tlii 3 6oimtiy as to the influence of increasing the amount of fertilizer. 
So far as nitrate of soda, acid phosphate, and muriate of potash, used singly, 
are concerned, no consistent increase in 3 deld has resulted from increasing 
the amoimt up to 500 pounds per acre. Increasing the amount of complete 
commercial fertilizer up to a ton and more per acre has, on the contrary 
consistently increased the yields. The figures shown, however, would 
indicate that the increase in yield caused by amounts exceeding a ton has 
not been profitable. The same conclusions can be drawn regarding the 
use of manure in these experiments up to an amount not exceeding 20 
tons per acre. 


One of the oldest and best series of fertilizer experiments on potatoes, 
covering many years, was begun on Long Island in 1895, by the New York 
Agricultural Experiment Station at Geneva (Van Slyke, 1895). Com- 
parison of the yields from the use of 500, 1000, 1500, and 2000 pounds of 
fertilizer, up to 1898, showed that it was not profitable to use more than 
1000 pounds per acre. The tests in 1898 showed 1500 pounds to be the 
m(^t profitable ^ount. The curve of relation between the cost of fer- 
tilizer and the yield of potatoes, altho irregular, shows a positive correla- 
tion. Jordan (1900), reporting on a continuation of these Long Island 
tests m 1900, showed that whereas, the highest yields were obtained with 
2000 pounds of fertilizer per acre, the greatest net gain from the crop 
Faulted when only 1000 pounds was used. Rane and Hall (1904), at the 
New Hampshire station, found that 1500 pounds of commercial fertilizer 
was the most profitable amount to use, whether or not normal applica- 
tions of manure were used. Greater amounts of fertilizer, either with or • 
without manure, were not profitable. Kohler (1910), in a triplicate series 
ot plots conducted at the Minnesota station in 1910, showed that under 
Minnesota conditions it would not pay to use more than 800 pounds 
or lertihzer per acre, and in most of his tests 650 pounds gave the highest 
k yield from the elements used singly was almost negli- 

gible, their efficiency showing only when in combination. Kohler recom- 
mended the use of commercial fertilizer only when the supply of stable 
becaine msufficient in quantity. The experiments of Zavitz 
U91o; at the Ontario station, covering cooperative and station tests for 
nve and toee years, respectively, show a gain in yield, in most cases, 
resultmg frorn an increase in either the amount or the value of the ferti- 
zer ^sed. Manure and fertilizer in combination, and manure alone, 
pve the ^eatest yields per acre and formed the cheapest fertilizer in 
: h sets of ^periments, not counting the cost of freight and application, 
po iar as profit is concerned, therefore, the results of the Ontario experi- 
[nients must be discounted. General experience has shown that the 
Spmh'^^ handling stable manure for potatoes on a large scale is often 
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Manure and fertilizer used in the four reffions 

There is considerable variation in the ^ount of manure and fratiliter 
used- in the four regions surveyed. On Long Island, -where the crop is 
grown successively on the saine la^, it is nece^ to i^te^ momte of 
fertilizer in order to maintam the yields. ^ table 23 are given data 
concerning the use of manure and fertilizer m the four areas s^^ed It is 
obvious from this table that the use of manure on potat^is closely asso- 
ciated with, and largely dependent upon, the dairy mdustry. 


TABLE 23, Summabt or Mantjbjb and Fbbtiuzee Used in thb Four Regions Sueveyed 


Region 

Per cent 
of 

growers 
u^ng 
manure or 
fertiliser 
or both 

, Aver^ 
value 
per acre 
of manure 
{md 

fertiliser 
on farms 
using 
them 

Per cent 
of 

growers 

fertilizer 

on 

potatoes 

Average 

amount 

of 

fertilizer 

per 

acre 

(pounds) 

Per cent 
of 

growers 

using 

manure 

on 

potatoes 1 

Average 
amount 
: of 

manure 
per 
acre 
(tons) 

J,nTig IbIaImI 

100 

95 

100 

99 

$32.42 

11.00 

14.84 

13.14 

100 . 
39 

65 

76 

1,922 

270 

406 

516 

21 

93 

98 

79 

5.2 

12.2 

12.0 

11.0 

Steubw County — 

Monroe County 

Franklin and Clinton 
• Counties 



The first column of percentages in table 23 includes not only the growers 
who applied manure or fertilizer directly to potatoes, but also those who 
applied manure or fertiKzer to the crop preceding potatoes, the potatoes 
receiving a certain percentage of value from the residue. On tins basis, 
the average value of jnanure and fertilizer used on Long Island was more 
than twice that for the Monroe and the Franklin and Clinton County 
areas, and nearly three times that for the Steuben County region. The 
second and third columns of percentages in the table represent the 
growers who applied fertilizer and those who applied manure, respectively, 
directly to the potato crop. (The reader is referred to page 1178. for the 
method used in. evaluating manure.) It may be noted that manure is 
used directly for the potato crop by almost every grower in Steuben and 
Monroe Counties, while on Long Island only one grower in five uses it 
in this way. Growers on Long Island do not find it so practicable because 
of the expense of handling it for lai^e acreages, the danger of scab infection, 
and the insufficiency of the supply for their fertilizer needs. In Steuben and 
Monroe Counti^, manure is almost invariably applied to the sod land 
l»evious to plowing for potatoes. It is so applied also, but to a lesser 
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extent, in Fr ank l in and Clinton Counties, altho here much manure is 
applied to new seeding and some is applied to oats. 

It is evident from table 23 that the region in which only a small propor- 
tion of the growers use fertilizer on potatoes is also the region in which the 
least fertilizer is applied to an acre. The average application of manure 
per acre in each region shown in the table, is reckoned not on the basis of 
those acres alone which received manure, but on the basis of the total 
potato acreage of those farms where manure was applied. Thus, on Long 
Island, manure is applied to only a small proportion of the total potato 
acreage per farm, while in the other regions most of the acreage is covered. 
The amount per acre averages nearly 10 tons, tho the rate varies from 
10 to 20 tons. 

The extent to which fertilizer and manure are used in Monroe County 
and in Franklin and Clinton Counties is fairly similar. The least fertilizer 
is used in Steuben County. Whether more could be used profitably in any 
of these regions is discussed in the subsequent studies. 

Valm of manure and fertilizer m Long Island 

Inasmuch as the amount of seed used has been found to be a very 
influential factor in deternuning yield, this factor is eliminated as far as 
possible in the studies of other factors. Therefore, in studying the influence 
of the value of manure and fertilizer on yield, the records were first sorted 
into groups, according to the value of manure and fertilizer, and were then 
resorted according to the amount of seed used, as shown in table 24: 


TABLE 24. Relation op Value of Manure and Fertilizeb to Yield on 330 Lono 
Island Farms in 1912 



Less, than 12 
bushels of seed 
per acre 

From 12 to 14 
bushels of seed 
per acre 

14 bushels and 
more of seed 
per acre 

Average of totals 

Value of manure 
and fertilizer per 
acre 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Leas thaaa $30. . 

$3(K$40 

$40 and over . 

07 

155.5 

43 

157.1 

13 

176.4 

123 

158.9 

58 

172.1 



38 

196.2 

156 


14 

182.7 

23 

187.5 

14 

222.1 

51 


Total.... 

139 


126 


65 


330 

^^8 

Average... 


166.0 

H 

170.2 


197.8 


175.6 
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With the amount of seed used remaming constant, the yield was inc^ased 
in every instance by an increase in the value of manure and fertilhser used* 
Furthermore, the yields were apparently sufficiently increased by the use 
of fertiliser to the value of at least $40 an acre, to such applications 
profitable. It is evident that the mwomum limit of fertilization in 1912 
did not exceed the point of optimi^ profit. 

The correlation between value of manure and fertilizer, md yield per 
acre, for this region is significantly ex preyed by the positive coefficient 
0.244 0.035 shown in figure 136. 
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r = 0.244 ±0.035 

Fig. 136. cobbblation of valve of makube and ferulizer, and yield, on 330 long 
• ISLAND FARMS IN 1912 


Value of manure and fertilizer in Ste\iibm County 

In Steuben County the value of manure and fertilizer has been studied 
in a similar way. As appears in table 25, however, little manure and fertili-. 
zer is used here. Altho the average results indicate an increase in yield 
from the use of as much as $50 worth of manure and fertilizer per acre, 
the increased 3deld from applications of more than $20 worth per acre was 
not sufficient to cover the extra cost of the fertilizer. Therefore, in spite 
of the relatively small amount of fertilizer applied in this r^on, there may 
be other fetors that limit the profit possible from lai^er applications. 
The coefficient of correlation between this factor and yield, for this r^on, 
is 0.289 zb 0.033, as shown in figure 137. 
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T f^TtLE 2 $. Relation of Value of Manubs and Feetilizeb to Yield on 165 Fabhs 
IN Steuben Countt in 1912 


Value manure 
and fertilizer per 
acre 

Prom 6 to 10 
buslmlB of seed 
per acre 

liVom 10 to 14 
bushels of seed 
per acre 

Prom 14 to 18 
busheh of seed 
per acre 

! 

Average of 
tot^ 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

Num- 
ber of 
farms 

Average 

yield 

per 

acre 

(bushels) 

$ 4-112 

'25 

127.8 ^ 

41 

148 0 

5 

182 8 

71 

144.4 

$12-420 

21 

141.3 

27 

162.4 

3 

287.1 

61 

160.0 

120-150 

11 

134.9 

17 

162.8 

5 

217.0 

33 

160.4 



Total 

67 


85 


13 


155 







Average 


133.9 


155.2 


213.7 


153.7 







Yield per acre, in bushels 
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10 

0 
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0 

0 

1 

343 


r = 0.289 d= 0.033 

Fio. 137. CORREI^A'nON OF VALUE OF ICANUHE AND FEBTIUZER, AND nELD, ON 343 STEUBEN 
COUNTY FARMS IN 1912 


Valtte of manure and fertilizer in Monroe County 
The influence of manure and fertilizer in Monroe County is marked, and, 
except in a few cases where too few records were available, the results are 
consistent under constant amounts of seed used. It is evident from table 
26 that not enough manure and fertilizer was used in this region so that the 
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point of diminishing returns was reached. The yields increased suffici^tly/ 
up to the l^hest value of manure and fertilizer used, to warrant the cost. 
Evidently it would be isafe to rewmmend the use of larger amounts on 
potatoes in this region. The positive coefficient of correlation shown in 
figure 138 is 0.268 ± 0.036, a value significant and consistent with the 
coefficients for the other regions. 
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10 

5 

0 

0 
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300 


FlO. 138. CORKBLATION OP VALUE OF MANURE AND FERTILIZER, AND YIELD, ON 300 MONROE 
COUNTY FARMS IN 1913 

f 

Value of manure and fertilizer in Franklin and Clinton Counties 
A constant increase in yield for each increase in value of manure and 
fertilizer used, is shown in table 27 for the Franklin and Clinton County 


TABLE 27. Relation of Value op Manure and Fertilizer to Yield on 290 Franklin 
AND Clinton.Countt Fahms in 1913 



Less than 12 

From 12 to 14 | 

1 14 bushels and 

1 



, bushels of seed 

bushels of seed ' 

more 

of seed 

Average 91 
totals 

Value of manure 

per acre 

per acre 

per 

acre 


and {ertUizeT 


Average 


Average 


Average 


Average 

per acre 

Num- 

yield 

Num- 

yield 

Num- 

yield 

Num- 
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l^on. The increase in yield obtained by growers uang $15 worth or more 
of manure and fertilizer, over that obtained by growers using leas, was 
sufficient to warrant the extra cost. Only twelva growers in tins r^on 
used more than $25 worth of manure and fertilizer per acre. In view fA 
the decreasing rate of increase in yield between the last two groups, 
it is doubtful whether a larger expenditure th^ $25 an acre would have 
shown a profitable increase. The correlation coefficient for th^ factor and 
yield, as shown in figure 139, is 0.169 db 0,038. This indicates a significant 
relation, but one not so strongly marked as that for the other three regions. 

Yield per acre, in buahels 




11 27 49 52 76 38 26 14 5 298 


r = 0.169 ±0.038 


FlO. 139. CORRELATION OF VALUE OF MANURE AND PBRTILIZEB, AND YIELD, ON 298 FRANKLIN 
AND CUNTON COUNTY FARMS IN 1913 


Analysis of ferHlizer 

The average potato grower of New York is even yet none too familiar 
wijJi the significance of fertilizer analyses. As previously stated, it was diffi- 
cult to get information as to the analyses of the brands used, many of the 
growers having b^n more impressed by the price paid or the brand name. 
M(»t of the fertilizer experiments for some years have justified the practice, 
as found in the surveyed regions, of using fertilizers in complete form for 
potatoes. 

i^ide from the more fundamental physiological processes stimulated by 
each of the essential plant-food elements in plant growth, nitrogen func- 
tion principally in producing foliage, phosphorus in hastening maturity, 
potesh in mcreamg starch production. These elements in combina- 
^ balance of value in successful potato production, 

WJutn^ (1910), in summarizing fertilizer tests on potatoes up to 1908, 
snowed that: (1) there has been a consistent increase in the average yield 
“lerease in the number of minerals used in mineral 
lertilizers; <2) ^ere has been a similar increase in the average yield from 
an mcrease m the number of minerals used in combination with organic 
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fertOizers; (3) the use of oi^anic fertilizers, in combination with minerals 
resulted in higher average yields than resulted from mineral fertilizers 
alone; Mid (4) nature «and commercial fertilizers produced higher average 
yields than any other type of fertilizer. Ballou (1910) and Gourley (1910) 
substantiate these general conclusions in reporting the results of a ^teen- 
years comparison of nitrate of soda, acid phosphate, and muriate of potash, 
used both alone and in combination on potatoes. These tests have shown 
that, altho the cheapest cost of increase per bushel was obtained from the 
use (rf acid phosphate alone, the greatest profit per acre resulted from the 
use of the complete fertilizer. The Rothamsted station, in England 
(Hall, 1905), experimenting for twenty-six years and using five varieties 
of potatoes on a series of ten plots, compared the 3 rields from plots receiv- 
ing ammonium salts alone, nitrate of soda alone, superphosphate alone, 
and mixed mineral fertilizer. The average yields resulting from these 
treatments varied in the order listed, ranginp from the lowest yields with 
ammonium salts to the highest yields with mixed mineral fertilizer. Since 
these plots grew potatoes successively for twenty-six years, and since 
potatoes yielded less with nitrogenous fertilizers than with mineral 
salts alone, it was concluded that the potato finds a difficulty in obtaining 
ash constituents rather than nitrogen from an impoverished soil.” Balen- 
tine (1894) conducted greenhouse experiments to compare the foraging 
power of the potato plant for phosphoric acid, with that of other crop plants. 
He used identical amounts and forms of nitrate and potash fertilizer, 
but varied the phosphatic form. He compared the results from e(fuivaient 
amounts of phosphoric acid in mostly insoluble forms with those from the 
soluble form and with the check in each crop series. The results showed 
that the potato plant is not able to make use of this element in the insoluble 
form nearly so well as do wheat, com, peas, and turnips. 

Because of its importance in stimulating the vigor and yield in the 
crop in satisfying the feeding requirements of the plant, potash had 
occupied the most important place in potato fertilizers up to the time 
when this survey was made. Kane and Hall (1994) compared the yields 
from plots containing 5, 10, and 15 per cent of potash,* respectively, and 
those from plots containing no potash at all. They found that at the 
New Hampshire station, altho the yield was increased up to 15 per cent 
of potash, the most profitable results came from the 10 per cent of potash 
in a complete fertilizer. Several years later T. C. Johnson (1916) com- 
pared complete fertilizers differing only in that they contain^ 3, 5, and 
7 per cent, res^ctively, of potash. He obtained the best results from the 
5-per cent fertilizer, since that containing 7 per cent of potash seemed to 
retard maturity and decrease the yield. Conner (1906), at the Florida 
■station, compared complete fertilizers containing 7, 8, 9, and 10 per cent 
of potash, respectively. Tho this was but a one-year test, the check 
I plots averaged nearly as high yields as did the plots receiving potash, 
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^cb indicates that probably potash is not a linptii^ factor in soil 

at the Florida station. . -i. « * x 

Under the recent war conditions, growers in the Eastern States wp 
forced to do without potash or to use less. Wo^s (1918), at the Marne 
statibti, has attempted to determine the possibihty of obtaining satis- 
factory yields without this element. His average results for the three 
years 1915, 1916, and 1917 show that, whereas fairly good yields Imve 
been obtained with no potash, the yield has been mcre^ 26 bushels 
an acre by the addition of 3 per cent of potash. The additions of 6 and 8 
per cent of potash have given practically no increase above that from 3 
per cent. The high percentage of potash previously used in Maine was 
evidently not needed, or else the soil had become temporarily stocky 
with a surplus. Chemical analyses have shown that the sandier soils 
of the coastal plain are more deficient in potash than the heavier soils 
farther inland. This fact and the more intensive cultivation of potatoes 
probably account for the larger amounts of potash previously used in 
these regions. It might be supposed, therefore, that yields of potatoes 
cannot long be maintained without this constituent. The recent studies 
of Dr. Oswald Schreiner, of the United States Department of Agriculture, 
on potash hunger in the Aroostook potato region in Maine and in the 
Norfolk potato truck areas, bear out this conclusion. The writer has 
recently observed marked examples of potash hunger in the potato fields 
of Long Island. Evidently the shortage of potash is beginning to be felt. 

Of the two principal forms of potash — muriate, or the chloride form, 
and sulfate — the muriate has always beeu the more commonly used on 
this crop. The reasons for this are the greater cost and the lesser supply 
of the sulfate form. It is occasionally stated, tho the point does not 
seem to be borne out by muhh experimental evidence, that the chlorine 
in muriate of potash is detrimental to quality in the potato. There has 
generally been little difference between the two forms as to the yield 
resulting. Itene and Hunt (1897), in a one-year test, used 87 varieties 
of potatoes and obtained a very slight advantage in favor of muriate of 
potash. Many years later, Brooks (19i4) obtai^d an mcr^se in yield of 
11 bushels per acre in favor of the sulfate form, with an additional improve- 
ment in quality. 

The experiments of Conner (1906) show results from the use of various 
amounts of ammonia and of phosphoric acid in complete fertilizer, which 
not only are inconsistent but also show average yields not essentially 
different from those from the check plots. T. C. Johnson (1916), com- 
' paring the results from 2, 4, and 8 per cent, respectively, of phosphoric 
acid in complete fertilizer, found the best residts from the 8-per-cent 
analysis. His results with varjdng amounts of nitrogen were incon- 
clusive. Woods (1918), in a test to compare nitrogenous fertilizers in 
combinations of nitrate of soda,, ammonium suffate, and organic forms, 
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thru the y^s 1914 to 1917, inclusive, found practically no advantage 
for any one form over another. ^ 

Altho many different analyses of fertilizers were used in 1912 and 1913 
in the surveyed regions, the majority of growers in each region were 
buying fertilizers of the same analysis. In table 28 are shown the analyses 
of the fertilizers in commonest use at that time, in the four regions: 


TABLE 28. Commonest Analyses op Febtiuzees Used in the Four Regions 
S xmVETED 


Rank 

Long 

Island, 

1912 

Steuben 

County, 

1912 

Monroe 

County, 

1913 

Franklin 

and 

Clinton 

Coimtaes, 

1913 

Used by majonty 


2^K> 

0-10-8 

0.8-10 

2-8-10 

0-10-8 

0-8-10 

2-8-10 

0-10-8 

0-8-10 

Second in amount used 


Third in amount used 

in 



Because of the higher percentage of nitrogen in the fertilizer used on 
Long Island, this region has used a higher grade of fertilizer than any of the 
other regions. The extra nitrogen been used to maintain this element 
in view of the heavy draft on it caused by the continuous potato culture. 
The gmter use of manure and sod residue in the other regions has furnished 
the rdtrogen lacking in the additional fertilizer used. Aside from the 
nitrogen content, the fertilizers used in the four regions have been similar 
in analysis. 

^ Method of applying fertilizer 

The method of applying fertilizer to potatoes is a question not well 
worked out because it is complicated by, and dependent on, such factors 
as soil type, amount of fertilizer used, and method of planting the crop. 
The q||ation as treated here relates to (1) the depth of applying the 
fertili^ relative to the seed pieces, (2) broadcasting as compared with 
drilling, and (3) time of application relative to time of planting the crop. 
Obviously, fertilizer shoidd be applied at that depth which wffl afford it 
a constant supply of moisture to make it available to the root system of 
the potato plant. As this depth is less in heavy soils than in light soils, 
both fertihzer^and seed are generally applied less deeply in heavy than in 
light soils. Since .the root system of the potato plant normally develops 
laterally to a radius of from 18 to 24 inches, the question of dep^ of appli- 
cation would seem more important than that of whether the application 
should be by drill or broadcast. The question of time of application must 
depend on the avmlability of the fertilizer used aud the seasonal distri- 
bution of rainfall 
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(1892) reported the comi^tive yields obtained by pkdng ferti- 
uzer above and below the seed piece in a year of light rsdnfaJl* All plots 
gave a gain of from 14 to 34 bushels per acre in favor of the applications 
below the seed piece. Taft and Coryell (1894) reported on ttie same 
test covering three years and using complete fertilizer on three varieties. 
The r^ults were all in favor of the application of fertiliser below the lEseed 
piece, the gain being from 25 to 40 bushels per acre. Munson (1894) 
coippared the relative ^ciency of appljdng fertilizer by the Rural-New- 
Yorker trench system, in which the fertilizer is placed in mellow earth two 
inches above the seed, with the method of applying it to the airface and 
harrowing in. Not enough difference in yield was obtained to pay for 
the extra labor of making the trench required in the former method. 

Rane and Hall (1904), replicating plots three times, compared yields 
frc^ fertilizer applied above and below the seed, both with and without 
the use of stable manure. They obtained in all cases an average difference 
of 18 bushels per acre in favor of the shallow applications. No mention 
was made of Ae rainfall available that. year. 

Van Slyke (1895), at the New York station, compared potato idelds 
^wn under 1000, 1500, and 2000 pounds of fertilizer per acre, respec- 
tively, applied both broadcast and in the drill row. In all cases in which 
1500 pounds or less was used, the drill-row' applications gave the better 
yield by about 10 bushels per acre. When 2000 pounds was applied, there 
was a difference of 17.5 bushels per acre in favor of broadcasting. This 
difference was probably due to a slight injury to the seed pieces caused 
by contact with the fertilizer applied in the drill row, for the stand in the 
latter case was rather uneven. Rane and Hall (1904), using 1500 pounds 
of fertilizer per acre, compared the yields obtained by applying all in the 
hill with those from applying half in the hill and half brpadcast. No 
check plots, and only three plots altogether, were used, but a small yield 
favoring the half-and-half method was obtained. The gain, however, 
was due to a larger yield of cuUs under this method. Hall (1905), in 
reporting the experience of the Rothamsted station, stated that p^K)horic 
acid and potash should generally be applied in drills, but tSffkainit 
should be applied breadcast. Jordan and Sirrine (1910) compared these 
two methods of application at three points on Long Iriand during the years 
1905 to 1908, inclusive. Altho the differences were small in all cases, 
there was an average gain of 3 bushels per acre in favor of the drill method. 
Applications of 500, 1000, and 1500 pounds, respectively, were compared 
under each method. Woods (1917), using 1000 pounds and 1500 pounds 
erf fert^zer, respectively, all broadcast, aU drilled, and a part used either 
way with the remainder applied after the crop w£^ up, found differences 
favor^ the drill method but no greater than might be expected as within 
experimental error. The greatest average difference between Uie two 
methods, thru the years 1914 to 1916, inclusive, was 6 barrds in favor 
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of drilling. Woods concluded that nothing is to be gained by the practice 
commcfflly followed in Maine, of applying some fertilizer ^ong the ro# 
at the first cultivation, for this method is less convenient and apparently 
no more efficient than applying all the fertilizer in the row at planting time. 

Much variation in the method of applying fertilizer has been observed 
in the surveyed areas. Wherever machine planters were used, the ferti- 
lizer was generally applied with these. On Long Island, however, where 
98 per cent of the crop was planted by machine, nearly forty per cent of the 
growers applied the fertilizer broadcast, using a grain drill or a lime sower 
before planting. Tables included in the study of this factor show that 
most of the fertilizer not applied thru the planter was applied broadcast 
before pkntir^. Generally this means an application only a few days 
prior to planting the crop. 

Without exception, oh Long Island a higher average yield resulted from 
the broadcasting of fertilizer before planting (table 29). This difference in 
favor of broadcasting is in part due to the greater quantity of seed usually 
planted when this method is used. But the difference is sufficient to be 
significant. Furthermore, the growers in the first fertilizer group who 
broadcast the fertilizer, used less seed than did those who applied the 
fertilizer in the drill row. Apparently the average of nearly a ton of 
fertilizer per acre used in this region in 1912, was more efficient when broad- 
cast than when drilled. 

There are rather too few farms included in each of the groups for Steuben 
County (table 30) to allow any definite conclusions to be drawn. The 
differences in yield apparently due to difference in the method of fertilizer 
application, are all probably due mainly to the indicated difference in the 
amount of seed plated. This leads to the conclusion that for Steuben 
County, when as little as the average of 270 pounds of fertilizer per acre 
is used, it is fully as efficient to apply it all in the drill row as to broadcast 
it either just before or just after planting. 

Altho the differences in yield between the two methods employed in 
Monroe County were small, they are consistent thruout (table 31). 
Usually* less seed was planted per acre by those broadcasting fertilizer 
before planting than was used by those in the other group, yet the yields 
favor the method of broadcasting. The writer is unable to reconcile 
this conclusion with that for Steuben County. Whether the exception 
here favoring broadcasting when an average of only 406 pounds of fertilizer 
per acre was Used, is due to seasonal rainfall conditions, is purely conjecture 
which can be settled only by controlled experiments over a protracted 
period. 

A study of table 32, weighing the influence of the amount of seed and the 
value of the fertilizer used in Franklin and Clinton Counties, indicates 
that here, as in Monroe County, the broadcasting of the fertilizer proved 
more efficient in 1913 than the application of it in the drill row. It is of 



TABLE 29i Kbiaitow op ALcthod of Afplyino J^btiuzeir^ to Yizij}, on 31 S Long laiduro Fabics in 1912 



ATWHie..,. 136.8 10.8 1 ..... 157.8 11.0 . 172.8 12.0 140.8 | 10.7 
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178.6 
165.4 
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interest to note tbat more than half of the 211 growers Ifeted here applied 
iheir f^ilizer by the broadcasting method. 

The study of the methods of applymg fertilizer, as treated in this paper, 
does not allow any definite conclusions to be drawn. The question is 
apparently one of local application, probably dependii^ on such factors 
as seasonal rainfall, amount of fertilizer used, and soil type, as previously 
suggested. 

Use and influence of lime on potato land 

Lime h^ been given little prominence in use either as a plant food or 
as a soil amendment for potatoes. This is due to the fact that, being an 
allmlme agent, its use is conducive to the development of common scab 
{Actinomyces chromogenvs) on potato tubers whenever the causal organism 
is present in the sod or introduced on the seed tubers. Tneref ore lime 
is^usualfy applied in the rotation as far removed from the potato crop as 
is possible, while its major benefits to this crop, in the improvement of 
soil texture and the growth of legumes, are as well accomplished. Wheeler 
and Adams (1909) reported an increase in the proportion of tubers of mer- 
chantable size from the use of lime. There seems to be little or no con- 
clusive evidence available that lime has increased the yield of potatoes 
except indirectly thru the benefits just mentioned. 

In spite of the fact that lime is advised for most potato farms outside 
of the surveyed areas of Long Island and Monroe County, very fewigrowers 
reported its use in the rotation which they were using at the time when 
the survey was made. A summary of the use of lime and its place in the 
rotation followed in the surveyed regions is given in table 33 : 


TABLE 33. TJsb of Lime, and Its Place in tbe Focb Aekas Scbteybd 


Region 

Per cent of 
gro^rersu^g 
lime in 
rotation 

Average number 
of years 
removed from 
potatoes 

Long 1912 i 

6 

3.4 

Stei^n County, 1912 * 

16 

3.1 

Monroe County, 1918 

16 

3.0 

I^ranklin and Clinion Counties, 1913 

1 ^ 

3.7 


Ve^ few growers apply lime regularly in their rotation. The commoner 
practice is to use it oifiy when necessity demands it as a means of producing 
legiun^. On Long Island, where potato^ are grown for so many suc- 
cessive seasons on the same land, it is unsafe to use lime at all. The number 
of years frmn the potato crop that lime is applied, indicated in table 33, 
shows the conastent effort of the growers to apply it as far from potatoes 
as is posable, in order to avoid scab. 
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ADAFTATION AND YIELD OF VARIETIES 

The crop survey offere one of the best means of determining the relative 
merits of potato varieties for a given locality. Too often the experiment 
stations have made generalized recommendations solely on the basis of 
the performance of a few strains tested for only a few years at the station 
groun^. A ^rrect knowled^ of the adaptability of various types and 
varieties to given soil and climatic conditions can be obtained only by 
cooperative controlled tests under varying conditions, or by a crop survey of 
the performance of the varieties growing over a wide area with diverse condi- 
tions. Nearly every state experiment station in the United States has at 
some time conducted a yield test of potato varieties, the results of which are 
to be found in to published literature. These results are in most cases of 
very local significance and pertain only to the strains of seed that were 
available for the test. Becai^ of the wide variation in yield of the dif- 
ferent strains of a given variety, no absolute recommendations for any 
variety should be made on the basis of such tests. A comparison by survey 
methods of the average yields of strains of the varieties within a region, 
furnishes the best criterion of the merits of such varieties for that region. 
Stuart (1915) has classified the standard American varieties into groups 
containing varieties similar in tuber and foliage characters. It is now well 
known that the varieties within each group conform fairly closely to one 
another in their adaptation to specific soil and climatic conditions. This 
has made it possible to determine the type or group of varieties best adapted 
to certain regions. It remains, then, only to choose high-yielding strains 
of standard varieties within this group. The status of varieties within 
each of the surveyed areas has been studied on this basis. Varieties and 
types have been tabulated in the order of their extent of production in 
each region. 


Potato varieties on Long Island 

Of the four regions surveyed. Long Island presented the greatest varietal 
standardization by growing the fewest varieties and the fewest types. 
Growers in this region are conyinced that varieties of the Rural group 
yield less, are poorer in quality, and are less popular in the New York 
market, than varieties of the Green Mountain, or white-sprout, type. 
Generally speaking, for the medium late crop, only varieties of the Green 
Mountain group are raised on Long Island, and the early varieties for 
this r^on are chosen from the Cobbler, the Early Ohio, the Rose, and 
the Triumph groups (table 34). 

Altho Green Mountain was only one of several varieties of this group 
^own in the three years from 191 1 to 1913 inclusive, its popularity is shown 
by the fact that two-thirds of the average total acreage during ihia period 
was given to this variety. Irish Cobbler was the leading early variety 
produced, and most of lie acres^e of this variety was grown in Nassau 
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TABLE 34. VABDCTma Gbown oh 330 Long Island Fabiib w 1911, 1912, and 1913 


Variety 

Cdorof 

sprout 

Average^ 
nun^)er of 
farms 
raising 
variety in ; 
1911, 1912, 
and 1913 

Avraage 
yield per 
acre in 
im and 
1912 
(bu^els) 

Per cent of 
tot*i 
acreage 
grown in 
1911, 1912, 
and 1913 


White 

200.7 

180.4 

66.0 


Pink ..... 

119.7 

169.7 

13.0 


White 

34.0 

189.3 

10.0 

T^Iawfli* 

White 

19.3 


3.0 

prid* 

White 

16.3 

164.4 

2.0 



Blue 

9.7 

220.4 

1.6 , 

Early Ohio 

Pink 

9.7 

216.9 

1.6 

^fnfiTTOjps 

White i 

8.7 

212.1 

1.0 

WorM^a 

"V^te 1 

3,7 

185.8 

0.5 


White 

6.3 

248.1 

0.3 

.... 

RruiA 

Pink 

5.7 

172.8 

0.3 

BliiW) TVi'iimph 

Pink 

13.0 

126.9 

0.3 

Ew*ly 

Pink 

7.0 ■ 

104.5 . 

0.2 

Bagley 

White : 

i 

4.3 

126.2 

0.2 


Coimty. A summary of the varieties belongmg to each group, as classi- 
fied by Stuart (1916), is given in table 35: 


TABLE 35. Sunuabt of Types on 330 Long Island Farms in 1911 and 1012 


Type 

Per cent 
of total 
acreage 
in 

1911 

Per cent 
of total 
acreage 
* in 

1912 

Average 
jdeld 
per acre 
in 

1911 

(bushels) 

Average 
yield 
per acre 
in 

1912 

(bushels) 

Average 
amount 
of seed 
used in 
1912. 
(bushels) 

Average 

value 

of 

manure 

and 

fertilizer 
in 1912 

Green Mountain 

86 

84 

186.6 

179.7 

12.9 

132.74 

Cobbler 

mSm 

12 

* 189.0 

157.2 

12.2 

32.00 

Triumph - 


1 


128.6 

11.4 

28.71 

Early Ohio. 

2 

1 

199.6 

231'5 

12^3 

44.99 

Rose. 

1 

1 

166.8 

123.6 

13.4 

38.72 

Rural. 

1 

1 

227.7 

216.2 

10.1 

27.66 


Since the Green Moimtain group is the only one of importance in this 
region, no comparison of relative meritsjis made between the types. 
Because most of the Early Ohio acreage was produced near or at Orient 
Point, under high fertilization and with ideal moisture conditions, its 
high average yield must be discounted when compared to that of the 
Cobbler group. Owing to its high average yield and its white skin, 
Cobbler has proved to be the best early variety for this section. 
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Potato varieties in Stevhen County 

. In contrast to Long Island, Steuben County showed the le^st standard- 
ization of varieties of the four regions. The thirty-five varieties listed in 
table 36 do not represent all that were found in the region, but only those 
comprising an average of at least 0.1 per cent of the totd acreage for three 
years. ' ■ 

TABLE 36. Vabietoes oy 360 Steubun County Farms in 1911, 1912, and 1913 


Vwiety 


Number 9. . 

Ruioff 

Spaldings Rose 4 

Wbite Pearl’. 

Sir Walter Raleigh 

Gold Coin 

Dooley 

Carman No. 3 

White Giant. 

State of Wisconsin 

Rural New Yorker No. 2. 

Green Mountain 

McKinley 

Pan American 

White Grai^ner 

Pearline 

German Queen . 

Planet 

Million Dollar 

Early Manistee 

Uncle Sam 

Charles Downing 

American Banner 

Goldstein 

Ad^al Dewey 

California 

White Mammoth 

Enoxall 

Gvlisle ! 

Norcross ; . 

Ward's Seedling. 

Scotch Mane. 

Mix Best ..!!!!!!! 

Early Burpee.:. 

Clustic B^uty. 


Color of 
sprout 

Average 
number of 
farms 
raising 
variety in 
1911, 1912, 
and 1913 

Average 
yield per 
acre in 
1911 and 
1912 
(bushels) 

Per cent of 
total 
acreage 
grown in 
1911, 1912, 
and 1913 

Blue 

76.7 

143.5 

22.6 

White 

41.3 

126.5 

12.3 

Pink 

66.6 

139.0 

11.2 

Blue 

20.7 

148.5 

6.6 

Blue 

16.0 

‘ 156.8 

4.7 

White 

21.0 

135.0 

4.7 

Blue 

15.3 

148,8 

4.5 

Blue 

' 15.3 

149.5 

4.2 

Blue 

13.0 

135.3 

4.2 

White 

12.0 

134.4 

3.1 

Blue 

7.7 

134.4 

2.6 

White 

7.3 

115,8 

1.8 

Blue 

8.0 

142,9 

1 7 

Blue 

4.0 

121 3 

1.4 

Blue 

6.3 

147.2 

1.4 

Blue 

4.0 ! 

114.9- 

1.3 

Pink 

4.7 

154.0 

1.1 

Blue 

3.7 

126.8 

1.0 

Blue 

3.0 

118.7 

1.0 

Pink 

5.7 

163.7 

0.9 

Blue 

3.0 

134.0 

0.9 

White 

3 0 

118.2 

0.8 

Blue 

2.7 

127.6 

0.8 

Blue 

1.7 

118.0 

0.7 

Blue 

2.7 

167.2 

0.7 

White 

1.7 

135.6 

0.7 

White 

3.0 

133.8 

0.6 

Blue. 

3.7 

159.6 

0.5 

Blue 

2.0 

156.0 

0.5 

White 

3.3 

143.0 

0.4 

Bine 

2.7. 

136.4 

0.3 

Pink 

2.3' 

127.0 

0.3 

Blue 

2.0 

168.9 

0.2 

Pink 

2.0 ' 

108.3 

0.1 

White 

0.7 

106.2 

0.1 
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It 18 significant that the three most popular varieties of this r^ion, repre- 
senting nearly half of the average total acreage during 1911 to 1913 inclu- 
sive, are each of a distinct type. Yet each may nave its proper place in 
Steuben County farming, Number 9, representing a high-yielding strain 
selected from Rural New Yorker No. 2, heads the list in table 36 and is an 
ideal blue-sprout variety, adapted to the heavy soils and narrow-valley farms 
of this region. Spaldings Rose 4, a mechum early variety of the pink- 
sprout type, is profitably raised for a special seed trade with the Hastings 
potato section of Florida. Ruloff is a variety of the Green Mountain type 
which is well adapted to the lighter soils of the northern part of the county. 
Altho there may be this apparent justification for diversity of t 3 rpe, there 
is surely no justification for so many varieties. Among the more popular 
varieties listed in the table, such standard varieties as Sir Walter Raleigh 
and Carman No. 3 would, on the basis of yield, appear to justify their more 
exclusive use in this region. The average yield of the more popular 
standard white-sprout varieties in this list is considerably inferior to 
that of the Rural varieties, which apparently indicates that, in general, 
this type is not so well adapted here as is that represented by Number 9. 

A comparison of the types produced in this region is shown in table 37: 


TABLE 37, Suhmabt of Types on 360 Steuben County Farms in 1911 and 1912 


Type 

Per cent 
of total 
acreage 
in 

1911 

Per cent 
of total 
acreage 
in 

1912 

Average 
yield 
per acre 
in 

1911 

(bushels) 1 

Average 
yield 
per acre 
in 

1912 

(bushels) 

Average 
amount 
of seed 
used in : 

1912 

(bushels) 

Average 
value of 
manure 
and 

fertiliser 
in 1912 

Rural 

76 

U 

9 

1 

75 

15 

9 

1 

138.0 

126.3 

113.8 

116.7 

142.4 

123.1 

142.2 

194.4 

8.8 

1 15.5 

9.7 

9.8 

1 8.90 
13.57 
8.89 
12.82 

Green Mountain 

Rose 

Hebron 

- ^ 


varieties outyielded those of 
tHe Oreen Mountain type by an average difference of 12 and 19 bushels 

fact that in both years they were 

tebr4r*a fertilizer. As is shown later, in 

teble 42, a part of this difference was due to a greater average ner 

SrSanL wl type of potato is 

better adapted to the prevailing conditions of this region. 
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Potato varieties in Monroe County 

Altho a very large number of varieties were grown in Monroe County 
during the years 1912 to 1914, inclusive, it is seen in table 38 that the 


•TABLE 38. Vabibweb on 300 Moneoe County Fakms in 1912, 1913, and 1914 


Variety 


Sir Walter Raleigh — 

Carman No. 3 

Number 9. 

Peerless Jr 

White Giant 

Million DoiljM* 

Perfection 

WorU^s Wonder 

White Flyers 

White Grant 

Rural New Yorker No'. 

Gold Coin 

American Giant 

Granger 

Twentieth Century. . . 

lale of Jersey 

Hundred Fold 

Irish Cobbler 

Number 8 

Pan American 

McKinley 

Green Mountain 

Early Michigan.. 

Uvingston 

American Banner 

Number 8 


Color of 
sprout 

Average 
number of 
farms 
raising 
variety in 
1912, 1913, 
and 1914 

Average 
yield per 
acre in 
1912 and 
1913 
(bpshels) 

Per cent of 
total 
acreage 
grown in 
1912, 1913, 
and 1914 

Blue 

59.3 

103.9 

20.7 

Blue 

37.3 

128.2 

13.5 

Blue 

45.3 

125.6 

12.3 

Blue 

21.0 

124.5 

8.3 

Blue 

22.3 

129,9 

6.8 

Blue 

21.0 

147,0 

6.1 

Blue 

17.0 

144-1 

5.5 

Blue 

22.3 

138.9 

4.5 

? 

10.0 

119.2 

2.6 

Blue 

14.0 

130.2 1 

2.4 

Blue 

7.7 

124.1 

2.3 

White 

3.3 

111.0 , 

1.6 

White 

6.3 

133.4 1 

1.4 

Blue 

5.3 

109.2 i 

1.4 

Blue 

6.0 

164.9 1 

1.3 

Blue 

3.0 

110.8 

1.2 

? 

4.7 

141.2 

1.2 

Pink 

11.7 

124.6 

1.2 

Blue 

■ 4.7 

146.5 

1.2 

Blue 

4.7 

138.5 

1.1 

Blue 

4.3 

! 156.5 

0.9 

White 

3.7 

! 174.9 

0.8 

Pink 

2.0 

115.0 

0.5 

Pink 

2.0 

90.6 

0.5 

Blue 

2.0 

153.7 

0.4 

Blue 

2.0 

150.8 

! 0.3 


prevailing type was that of the Rural group. Nearly half of the average 
total acreage of this region during the years 1912 to 1914, inclusive, was 
planted to the three standard blue-sprout varieties, Sir Walter Raleigh, 
Carm^ No. 3, and Number 9. Altho the three-yeare average yield for these 
varieties was slightly less than the average yield for the repou in 1913, 
it would still seem desirable, for the sake of standardization, to select high- 
yielding strains from, and to retain, these few varieties to the exclusion of 
most of the other varieties of the Rural type listed in table 38. It is note- 
worthy that of the twenty-six varieties listed, only three are of the Green 
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Mountain type. The relatively light seasonal rainfall and the heavy 
soils (rf the Dunkirk and Ontario series have resulted in the survival of 
Rur^ varieties at the expense of other types. Here, as on Long Island, 
Irish Cobbler was found to be the leading early variety. 

The status of varietal types in this region is summarized in table 39: 


TABLE 39. Bummaet of Types on 300 Monbob Govnit in 1912 and 1913 
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table 40. Vabijjtibs on 300 FiuifEiiiN ai«) Cunton Countt Farms in 1912, 1913, 
, AND 1914 




Averts 
number of 
farms 
raising 
variety in 
1912, 1913, 
and 1914 . 



Variety 

Color of , 
sprout 

Average 
yield per 
acre in 

1912 and 
1913 
(bushels) 

Per cent of 
total 
acreage 
grown in 
1912, 1913, 
and 1914 

Wliite Beauty 

White.... 

47.3 

198.1 

16.4 

'Selfic Beauty 

WTiite 

39.3 

200.7 

15.0 

World's Fair 

White 

32.3 

179.9 

12.3 



17 7 

154 5 

7 1 

White Mountain 

White 

20.3 

199.1 

6.7 



18 7 

179.5 

6.6 



14 0 

176 8 

4 7 

White Lady 

White 

8.7 

197.9 

4.1 

Number 9. 

1 Blue 

11.3 

168.9 

4.0 

Mill’s Prize 1 

■White 

7.7 

189 .9 

3.0 

Carman No. 1 

White 

10.7 1 

204.5 

3.0 

National 

White 

6.7 

184.8 

2.4 

Rural New Yorker No. 2 

Blue 

6.3 

135.6 

2 0 

• 

White 

6 3 

221 8 

1.9 

1.8 

Scott 

? 

4.7 

160.6 

Mountain King 

White 

5.3 

199.7 

1.7 

Eggswaire 

White 

5.0 

165.6 

1.7 

Carman No. 2 

Blue 

5.3 

191.9 

1.6 

Success 

? 

3.7 

169.9 

1.2 

Intemarional 

White 

3.0 

197.3 

0.9 

Gni3 Coin .... 

Whi+rf* . 

2 0 

147.7 

0.7 

Silver Dollar'. 

White 

4.7 

187.4 

0.7 

Carman No, 3 

Blue 

1.7 

184.0 

0.5 


production do not seem to justify their competition with the Green Moun- 
tain type A comparison of these two types for the region in 1912 and 
1913 is shown in table 41. The averages for 1912 and 1913 show that with 


TABLE 41. SvMMAST or Ttpes on 300 Franklin and Clinton County Farms in 1912 
AND 1913 


TVpe 

Per cent 
of total 
acreage 
in 

1912 

i 

Per cent 
, of total 
acret^ 
in 

1913 

Aver^ 

. yield 
per acre 
in 

1912 

(bushels) 

Average 
! yield 
per acre 
in 

1913 

(bushels) 

Average 
! amount 
of seed 
used in 
1913 
(bushels) 

Average 
value of 
manure 
and, 
fertiliwr 
in 1913 

Green Mountain . 

86 

92 

194 5 

183 8 

12 0 i 

$13.44 

14.42 

Rural 

14 

8 

168.9 

164.9 

13.1 

• 
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a bushel of seed less and, a dollar's worth less of fertilizer per acre, the 
varieties of the Green Mountain group yielded approximately 26 and 19 
bushels per acre more, respectively, than did the Rural varieties. Under 
the cool climatic and the good soil conditions of this region, therefore, 
the Green Mountain type of potato is the more profitable. 

Summary of varieties in all regions 

A comparison of the principal potato groups produced in all four regions 
during the years for which survey data were obtained, is shown in table 
42. It should be understood that no specific recommendations for a given 
region can be made on the basis of the comparisons drawn in this table. 
Certain facts of interest, however, are evident. On the average, the 
Green Mountain type is grown under more favorable climatic and soil 
conditions than the other types, with more seed and more manure and 
fertilizer per acre. Therefore, for the State as a whole, the Green Mountain 
varieties have yielded more than have those of the Rural type. The table 
shows that in the blight epiphytotic of 1912 in Steuben County, the rottii^ 
of the white-sprout varieties in the field exceeded that of the blue-sprput 
varieties by about 24 bushels per acre. For practically the same reasons 
the Cobbler type has outyielded the Rose as an early potato. The Early 
Ohio owes its high average yield in 1912 to the large amount of seed and 
fertilizer used. 


SOURCE OF SEED 

In the mind of the average grower, the source of his potato seed is of 
small concern unless of necessity he is compelled to periodically change 
his seed stock by obtaining it outside his home county. The only section 
in New York where this is the case is Long Island. In table 43 are shown 
the sources from which the seed supply was obtained for each of the surveyed 
regions in 1912 and 1913. 


TABLE 43. Sovbce op Seed in the Fouh Regions Suhveted, in 1912 and 1913 


Region 

Farms raisiiig their 
own seed 

Farms raising part 
j and buyii^ part of 
their seed 

Farms buying all their 
seed 

, 

Number 

Per cent 

Number 

' Per cent | 

Number 

Per cent 

Long Island 

9 

2.7 

151 

45.8 

170 

51.5 

Steuben County. . . . 

35S 

99.4 

2 

0.6 

0 

0.0 

Monroe County .... 
Pranklin and Clinton 

248 

82.7 

38 

12.6 

14 : 

4.7 

Counties 

215 

71.7 

50 

16.6 

35 

11,7 
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For many years, the Long Island growers have been getting most of 
their seed from Maine. In recent years, the decreasing quality of Maine 
seed has resulted in the use of some seed from Vermont and New York. 
Seed for the other three regions is almost entirely used within the county 
where it is grown. Occasionally there is an -exchange of seed between 
growers witWn the neighborhood. Long Island growers have learned 
that it is not profitable to use, as seed, stock that hi been grown on Lon^ 
Island for more than one year. An experimental plQt at Southampton 
is shown in figure 131 (page 1158), which demonstrates the difference in 
results to be expected between new stock from Maine, and Maine stock 
grown -for one year on Long Island, The 45.8 per cent of growers on Long 
Island using part home-grown seed and part bought seed, shown in table 
43, represent the extent to which one-year Long Island stock originally 
imported from Maine was used in 19 12. Most of the seed stock from Maine 


is purchased in the fail to be shipped m the very early spnng, smce storage 
facilities on Long Island are very meager and the crop is planted late in 
March or early in April. The seed stock of the other tlu^ee r^ons is 
in most cases stored at home along with the bulk of the harvested crop. 

The necessity of a change of seed on Long Island is due to several factors. 
The abnormally long period between harvest and planting, much of which 
includes the warm or hot temperatures of late summer and early fall, is 
not favorable to potato storage. The soil temperature of this region during 
the later growing season is apparently so hi^ as to seriously reduce the 
vigor of the stock for seed, in spite of the high average, yields obtained. 
The problem is therefore one of soil, of growing-season and storage tem- 
fwratures, and of length of storage season as Muencing the condition of 
the seed at planting time. 

^ Emerson (1914) compared yields from seed cultivated for some time 
m Nebraska, with those from seed raised under straw mulch and from seed 
recently introduced from the Red River VaUey of North Dakota. He 
found that, whereas the cultivated seed of Nebraska rapidly deteriorated 
under hot ^owng-^eason temperatures, by mulching with straw between 
planting and blossoming time he was able to so reduce the soU temperature 
M to maintam vigor and obtain practically as good yields from^ed so 

rnvimlmfnf ' . Stuart (1913 a) studied the influence 

of environment on seed by introducing seed of thirteen EngUsh varieties 
of iden ical origin from both England and Scotland, and Rowing it con- 

sSi ^ed ove^^W f h ^ average increase in yield of the 

wr ronf ^ 1 T-, ™ried from 10.9 to 2713.9 

sumlarly striking were obtained by Macoun (1905) in 

StSlTed^r t Ottawa. ^ ^had 

to Satolhf ortto,r ^ thus been able 

mjMmt&m the origmal yield of the stock. Four years of adverse con- 
ditions Mowed, during which the yield of each 
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geed dt these same varieties, introduced during the last four unfavorable 
years from Nappan, Nova Scotia, and subjected to the same unfavorable 
conditions, maintained its yield much better, showing that the vigor of 
northern-grown seed enabled it to withstand adversity better than hoihe- 
grown seed similarly treated- Stone (1905) reported an experiment by 
fYaser in which tubers that had been stored in a cool cellar until May 1 
were taken out and stored for thirty-six days under four different con- 
ditions. Yields from seed stored in a dark cellar at from 50® to 60® F., 
in a coldframe at 80®, at a barn window at out-of-door temperatures, and 
in a greenhouse at from 70® to 90®, showed about equally good results 
from the coldframe and the bam-window storage. The seed stored in the 
dark cellar gave decidedly inferior average yields, showing that moderate 
light and temperature for from four to six weeks before planting improves 
production over the usual method of dark-cellar storage up to planting 
time. 

The potato crop of Maine, Vermont, and northern New York is almost 
invariably harvested before the maturity of the plants. The vines are 
usually killed by frost. Therefore the use of northern-grown seed for 
Long Island means the use of immature seed; and, since immature seed 
is closely associated with the dormancy, or rest period, of the potato 
tubers, this question also is concerned. According to Appleman (1918), 
the rest period varies with the variety but is fairly constant within each 
variety. Appleman (1912) has shown that three processes go on in 
potato tubers during the rest period: (1) respiration, or the consumption 
of sugar by reversion to carbon dioxide and water; (2) conversion of starch 
to sugar by diastase; and (3) change of the sugar back to starch. Since 
these after-ripening processes are greatly influenced by temperature, it 
follows that storage conditions have much to do with the condition of the 
seed tubers when they are removed from storage for planting. The value 
of seed harvested in an immature condition, which has been shown by 
the experiments of Macoun (1905), Shepperd and Churchill (1911), Stuart 
(1913 b), Zavitz (1916), Ballou (1910), and Gourley (1910), is due prin- 
cipally to the fact that, the seed being immature, the after-ripening 
processes leave it in a less devitalized condition than that of seed that 
has entered st<H'age fuUy matured. The symptom of curled skin so 
common at harvest time on northern-grown potatoes indicates a lesser 
degree of suberization of the epidermis than occurs in mature tubers. 
Appleman (1914 and 1918) has shown how the rest period may be shortened 
or broken, at almost any time, by the use of anaesthetics or of oxidizing 
agents to facilitate increased oxygen absorption. He further showed 
(1918) how the rest period of the southern second-crop seed may be short- 
ened by harvesting the seed immature, spreading it on the ground, and 
covering it with excelsior or burlap to prevent sul^rization. 
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SUj^-SPROUTING OF SEED 

The practice of sun-sprouting seed is one which, tho recom^nM for 
many years by experiment stations, has been very httk pr^Uced by 
S growers It requires the bringing of the seed stock from daA 
Suars iL a place of moderate light and lugher temperatures for a pen^ 
from four to six weeks prior to planting The mam objects are to 
improve the stands and increase the yields by (1) the deTClopment of 
short, thick, green sprouts on which tuber-bearmg rhizomes develop close 
together, (2) the opportunity to rogue diseased and otherwiffi infeiwr 
seed, and (3) increasing the earliness tou the of healthy growth 

before planting. Flagg, Towar, and Tucker (1896), m I^ode Wand, 
using duplicate plots and harvesting at two different dates, ob^ned 
increased Auelds from sprouted seed ranging from 32 to W bust^ls per 
acre. Fraser (1912) sun-sprouted seed of the vaneties Sir Walter ^leigh 
and Carman No. 3 for thirty-six days prior to planting, and obtained 
increases in yield ranging from 0.9 to 73.7 per cent. Hutcheson and 
Wolfe (1917), in a two-years comparison, obtained a difference in market- 
able yield of about 8 bushels per acre in favor of sun-sprouted seed. 

The extent to which sun-sprouting is practiced in the areas surveyed is 
shown in table 44. Altho earliness is much desired by Long Island growers, 


TABLE 44. Geowebs Who Sun-sprouted Theib Seed in the Four Regions Surveyed 



Long 

Island, 

1912 

Steuben 

County, 

1912 

Monroe 

County, 

1913 

Franklin 

and 

Ctinton 

Counties, 

1913 

Number of growers 

0 

14 

166 

40 

Per cent of growers 

0 

4 

55 

13 




no one was found who sun-sprouted seed for the 1912 crop. Much care is 
used ill choosing seed at the time of its purchase in the North. The several 
days required for cutting the large amount of seed handled by the average 
^ower in this region affords some opportunity for sprout development 
in the meantime. Furthermore, since nearly all of the Long Island crop 
is planted by machine, care would be necessary that none of the sprout 
so formed would be knocked off in going thru the planter. 

The 4 per cent of growers practicing sun-sprouting in Steuben County 
m 1912 furnishes too small a number to study the influence of sun-sprouting 
on yield in this region. 

The influence of sun-sprouting on yield in Monroe County in 1913 is 
shown in table 45. The difference of about 8 bushels per acre in favor of 
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table 45. Eklation of Stiw-iBPBouTiMrG to Yield on 166 Monroe Countt Earns in 1913 


. Treatment 

Number 

of 

farms 

Yield 
per acre 
(bushels) 

Average 
amount 
of seed 
used 1 
(bushels) 

Average 
value of 
manure, 
and 

fertiliser 

Not sun-sprouted 

134 1 

121.7 1 

12.4 

110.81 

11.64 

Sun-sprouted. j 

166 

129.5 1 

12.6 


TotsJ 

300 1 

1 







A vPi^AIFft 


126.2 

12.5 

$11.28 

xy 



the sprouted seed is probably no more than might be due to the increased 
amounts of fertiliser and seed used on these same farms. Therefore it 
cannot be said, on the basis of this difference in yield, that in 1913 sun- 
sprouting paid for the extra labor involved. 

A sinSaj* study of this factor for 40 farms in Franklin and Clinton 
Counties in 1913 is shown in table 46. Here the results of sprouting were 


TABLE 46. Relation or Sun-sprouting to Yield on 40 Franklin and Cunton County 
Fabns in 1913 


Treatment 

Number 

of 

farms 

Yield 
per acre 
(bushels) 

Average 
amount 
of seed 
used 
(bushels) 

Average 
value of 
manure 
and 

fertiliser 

Not suu"sproUted 

260 

40 

179.0 
180,6 1 

11.4 

12.6 

$13.25 

11.65 

Sun-sprouted 


Total i 

300 

' i 







Average i 


179.3 

12.0 

$13.01 




even less marked than in Monroe County. The difference of 1.6 bushels 
per acre in favor of sun-sprouting, while within experimental error, may 
easily be due to the increased amount of seed used by growers in this 
group. The smaller value of fertiliaer, however, would partially offset 
the difference in the amount of seed used. 

Tho sun-sprouting apparently is not justified by the results shown for the 
last two regions in 1913, it must not be conclude that this is not a profit- 
able procedure when it is properly done. It is impossible to determine by 
survey methods the true merits of this phase of potato growing, because 
of the difficulty of taking into account the actual methods followed. 
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CHEMICAL TEEATMBNT OF SEED 


The chemical treatment oi seen potatw^ tv v**..*. 
isms causing ooramon scab {Actinomyces chromogenw) md rhiBOci^ 
been sufficiently tested scientifically to warrant its 
nr^whXrtoese diseases occur. Tho such treatments as imm™ 
toblimate or formaldehyde, or fumigation with formaldehyde 
gas are not warranted to insure the crop agamst either of th^ disuses 
fn toe following crop, yet they have invanably reduced toe mfection to a 
nmS eS Baiu (1910) and Gourley (1910) usmg du^hcate 
Srf untreated seed, seed treated with form^, and seed fumigated 
^to formaldehyde gas, reduced the scab infection from an ayerag^f 
S 5 ^r cent in untreated seed to 16.7 per cen! in fomalm4reated ^ 
and to 18.4 per cent in iuinigated seed. The wnter (Hardenburg, 1917) 
reported a reduction of rhizoctonia, in the crops of fifty-eight growers m 
Ne^ York who used corrosive sublimate, to 1.8 per cent mfection as 
compared with 12.7 per cent infection of the crops grown by the remaimng 
twenty-two growers considered. He reported a similar reduction of scab 
infection, thru formalin treatment by sixty-two growers, to 7 per cent as 
compared with 1G.7 per cent in the crops grown from untreat^ seed. 

In spite of these tests and the recommendations based on them, a rela- 
tively small proportion of growers in the four surveyed regions tre^ their 
seed. The percentege doing this in each region is reported in table 47: 


TABLE 47. Peb Cent of Gbowem Treating Seed Chemically in the Four Rechons 
Surveyed 


Treatment 

Long 

Island, 

1912 

Steuben 

Coimty, 

1912 

Monroe 

County, 

1913 

Franklin 

and 

Clinton 

Counties, 

1913 

Formalin 

1.0 

0.003 

7.3 

' 0.0 

Corrosive sublimate 

0.0 

b.ooo 

1.7 

0.0 . 

Formaldehyde gas 

1.0 

0.000 

0.0 

0.0 

Sulfur 

0.0 

. 0.000 

3.7 

0.0 

Total “ 

2.0 

0.003 

12.7 ' 

0.0 


It has not been pogsible in this sttjdj to coii^ktethe apparent need of 
seed treatpaent with the actual pracfee as indicated in this table. This is' 
due partly to incomplete data from mb four r^ons, and partly to a lack 
of familiarity with diseases on the part of growers. Such treatnjent, 
however, is universally recommended because of the attested saving to 
the crop.. For the four regions, an average of 8.3 per cent of the growers 
reported scab, and an average of 4.6 per cent reported rhizoctonift, in the 
crop from which these data were taken. 
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INTERVAL BETWEEN CUTTING AND PLANTING 

An interval of from one to ten days sometimes elapses between the 
time when seed potatoes are cut and the time when they are planted. 
Weather^ conditions unsuited to plating after the seed is cut sometimes 
make this delay necessary, while in some sections the lai^e amount of 
seed to be cut makes it seem advisable to cut it several days early in order 
tb facilitate the earliest possible planting of the crop. To some extent 
this is the c^e on Long Island. In a few cases, growers have cut seed 
several days in advance of planting because of an assumed benefit from the 
■drying of the cut s^ace of the seed pieces to be planted. The object of 
the. present discussion is Jxj determine the relation of this interval of time 
to the yield. 

Adams (1887), using two varieties in a sin^e-year test, obtained an 
average dMerence of 26 bushels per acre in favor of planting immediately 
after cutting, between seed cut and planted fresh and seed cut twelve days 
before planting. Green (1888), on the contrary, using three varieties in 
a single-year test, reported increased yields for two varieties from a five- 
days’ interval, for three varieties from a nine-days interval, and for one 
variety from a twelve-days interval, over the yields obtained by planting 
freshly cut ^ed. These tests, he reported, agreed with those of Goff, of 
Geneva, who recommended the benefits of drying cut seed for periods not 
exceeding ten days before planting. T. C. Johnson (1912) , tho not reporting 
yields, published cuts of fields planted from freshly cut seed and from seed 
held for ten days after cutting. The outstanding feature of Johnson's 
test of this factor, carried out under carefully controlled conditions, was 
the strikingly jmrer stand grown from the stored cut seed. Zavitz (1916) , 
in a test covering eight years at the Ontario station, obtained an average 
difference of 8 bushels per acre in favor of planting freshly cut seed rather 
than seed held for only four or five days. Furthermore, he obtained an 
increase of 1 per cent of marketable tubers from the unstored seed. 

As previously stated, ‘the period between cutting and planting is fre- 
quently loiter on Long Island than in any of the other three regions 
surveyed. The relation between this interval and the yield is shown in 
table 48. AltKo the relation is not clearly apparent, it is evident that as 
the interval is increased, the practice of dusting is also increased. Dusting 
tends to eliminate any of the deleterious effects caused by the drying out 
’ or heating of seed cut and stored over the longer periods of time. The 
average length of the interval between cutting and planting in this region 
in 1912 was 5.7 days, and more than half of the growers dusted their cut 
seed. 

^ The average interval between cutting and planting in Steuben County 
^ing Qidy two day^ little correlation tween this factor and yield would 
be expect^. This is borne out by table 49. Also, here, as on Long Island, 
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TABLE 48. Rilation of Interval between Cotsinq and Plantino, to Yield^ on 
272 iA>NG Island Farms in 1912 


Interv^ 

(days) 

T^umber 

of* 

farms 

Yield 
per acre 
(bushels) 

Per cent 
ol 

growers 
dusting 
cut seed 

Average 
amount 
of ^ed 
used 
(bushels) 

Average 
v^ue 
of manure 
and 

fertiliser 

Leas than 2 

39 

161.4, 

41 

12.0 

132.69 

2-3 

33 

185.4 

55 

12.8 

31.73 

ZrAi 

52 

183.5 

46 

12.6 

33.33 

O 

32 ' 

171.1 

59 

12.0 1 

30.46 

5r7 

13 

195.4 

46 

12.5 

^ 32.38 

7 

43 

178.4 

56 

12;5 

32.41 

More than 7 

60 

177.3 

73 

12.9 

33.53 



Total 

272 










Average, 5.7 days 


180.0 

57 

12.6 

$32.62 

■ j 




TABLE 49. Relation or Interval between Cuttino and Plantiko, to Yield, on 
• 354 Steuben County Farms in 1912 


Interval 

(days) 

Number 

of 

farms 

Yield 
per acre 
(bushels) 

Per cent 
of 

growers 
dusting 
cut seed 

Average 
amount 
of seed 
used 
(bushels) 

Average 
value 
of manure 
and 

fertilizer 

Less than 1 

103 

125.0 

6 1 

10.0 

$ 8.65 

1- 2. 

84 

145.3 

14 

10.5 

10 27 

2-3 ; 

82 

140,4 

11 

10.1 

11.39 

3“ 5 

55 

132.4 

25 

9.9 

10 21 

5-15 

30 

149.6 

27 

10.2 

11.62 

Total,.-. 

354 





Average, 2 days. , 


136.6 

14 

10.1 

$10 17 


dustiDg was oonmonest where the interval between cutting and planting 
remrted a’^erage yields for each group 

SdS f^rthfjr n according to the average amounts of 

™ interval between cutting and planting in Monroe Countv 

was commonest where the interval was the"^ greatet. IsTsteuS 
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TABLE W . Relation of Interval between CtmiNa and Planting, to Yield on 
260 Monroe Countt Farms in 1913 ’ 


Interval. 

{days) 

Number 

of 

farms 

Yield . 
per acre 
(bushels) 

Per cent 
of 

growers 
dusting 
cut seed 

Average 
amount 
of seed 
used 
(bushels) 

Average 
value 
of manure 
and 

fertilizer 

Leas than 1 

58 1 

141.7 

7 

13.1 

111. 68 

1-2 

66 

145.3 

21 

13.0 

13.32 

2-3 

64 

121.8 

22 

12.6 

10.80 

3-4 

42 

132.0 

10 

12.1 

10.79 , 

4 and more 

30 

135.2 

27 

11.6 

10.87 

Total 

260 ; 











Average, 2.2 days 

1 

135.7 

17 

12.6 

111.66 


County, the f^ount of seed and fertilizer used was so influential as to 
obscure any slight influence that the factor of the interval between cutting 
and planting might have had. 

Growers in the Fmnklin and Clinton County areas, like those of Steuben 
and Monroe Counties, aim to plant their seed as quickly as possible after 
cutting. The average interval in 1913 was only two days. Since only 
about ten per cent of the growers held seed as long as four days after cutting, 
no significant relation of this factor to yield was foimd. However, as 
sho^ in table 51, the most dusting was done by the growers who held 
their seed the longest. 


TABLE 51. Relation or Interval between Cutting and Planting, to Yield, on 
264 Franklin and Cunton Countt Farms in 1913 


Interval 

(days) 

Number 

of 

farms 

Yield 
per acre 
(bushels) 

Per cent 
of - 

groweiB 
dusting 
cut se^ 

Average 
amount 
of seed 
used 
(bushels) 

Average 
value 
of manure 
and 

fertilizer 

Less than 1 

113 

174.2 

4 

12.2 

.113.27 

1-2. . . 

51 

193.1 

2 

12.4 

12.42 

2-3 

37 

178.7 

5 

11.4 

13.14 

3-4 


173.6 

0 

11.6 

12.64 

4 and more ... 

33 

186.5 

30 

12.6 

15.11 

Total 

264' 





Average, 2 days 


180.1 

6 

12,0 

113.32 
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DUSTING CUT SEED 

Dusting of out seed has for its objects the prevention of drying out by 
undue bleeding of the cut surfaces, and the prevention of heating which 
may occur in cut seed stored in large volume under conditions of poor 
ventilation- Dusting is not commo^y practiced except when conditions 
require the storage of large quantities of cut seed for several days before 
planting, as on ling Island in 1912. Stone (1905) compared the yields 
from five varieties cut only one or two days before planting, one lot of 
each variety being dusted with land plaster and the other lot not being 
dusted. Four of these varieties gave increased yields from dusting, 
ranging from 5 to 26 bushels per acre, while the fifth show^ a decreased 
yield of 7 bushels. The writer believes that a greater interval between 
cutting and planting would have resulted in a greater increase in yield due 
to dusting. Zavitz (1916) reported on an average of twenty-two tests 
covering five years, in which yields from undusted fresUy cut s^ were 
compared with yields from seed treated with land plaster and with slaked 
lime. In all these tests, the seed was planted immediately after cutting 
and dusting. The average yield from the seed treated with plaster was 
23.6 bushels per acre higher than that from the imtreated seed, and the 
average yield from the seed treated with lime was 9.8 bushels per acre more 
than that from the untreated seed. In another experinaent, in which the 
effects of treating cut seed with road dust, with ground brick, and with 
land plaster, were compared with the results from no treatment Zavitz 
reported yields of 186, 189. 191, and 179 bushels per acre, respectively, 
band plaster has been most commonly used as dust because of its cheapness 
and Its adhesive qualities. On the basis of all the comparative tests 
reported, it has proved the most efficient. Sulfur and air-slaked lime hav.e 
been used to a lesser extent. The degree to which dusting was practiced 
m the surveyed regions, as related to the length of time the cut Led was 
stored, is shown in table 52, and the extent to which various dust materials 
were used is shown in table 53. Unfortunately, the material“Tor 


TABLE 52. Relation qr Dusting to Length oe Siueage Peeiod 
Four Regions Surveyed 


or C?iiT Seed nf the 



ill 

Steuben 
County, 
1912 ! 

Monroe 

County, 

1913 

iVanklin 

and 

Clinton 

Counties, 

1913 

Average number of days seed was 
stored 

5.7 

57 

2.0 

14 

2.2 

17 

2.0 

6 

Pfer cent of growers dusting cut se^ 
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TABLE 53. Fib Cent or Growebb DirsTmo SasD Who Used Each Matbbial 


Materia 

Long 

Island, 

1912 

Steuben 

County, 

1912 

I Monroe 
Coimty, 
1913 

; Franklin 
and 

Clinton. 

Counties, 

1913 

Land plaster ^ 

49 


20 

11 

Sulfur. 

43 


16 


Hydrated liiae 

1 


0 . 


Al^^sdaked lime ^ 

0 

0 

0 


Road dust ! 

0 

0 

6 


Ashes ' 

3 

0 

2 


Unnamed.. 

4 

22 

56 

10 


dusting was not ascertained from all the growers who followed this practice. 
In the cases in which it was not ascertained, it was listed as Unnamed. 
Land plaster was shown to be the material most commonly used, with 
sulfur second. About two-thirds of the growers in Franklin aSid Clinton 
Counties who dusted, used air-slaked lime, which was not used in any 
other legion. Evidently, because of the likelihood that they cause scab, 
neither form of lime has been popular, nor have wood ashes. 

TYPE OP SEED 

Probably no other phases of potato culture have received more experi- 
mental attention than those bearing on the relation of type and amount 
of seed planted, to yield. In attempting to correlate type of seed with 
yield, however, the all-important factor of amount of seed used has too 
often been neglected, both in the method of experimentation and in the 
conclusions. This has led to confusion, false conclusions, and a con- 
glomeration of published data of questionable value. To be of real value, 
such tests must take into account both the types of seed used and the 
amount of each planted. The relation of type of seed to yield may be 
treated under the following headings: (1) lai^e as compared with small 
tubers for seed, (2) whole as compared with cut seed, (3) large as compared 
with small seed pieces, and (4) number of eyes. In reviewing the litera- 
ture on each of these points, it has been difficult to reach conclusions, 
because of the confusaon, inmost cases, of one factor with one or more of 
the others; and very often the amount of seed planted has been entirely 
neglected. 

Large as compared vdih small tubers for seed 
More than thirty years ago, Adams (1889) compared the yields from 
lai^e, medium, and small whole seed, and found an increase both in total 
and m marketable yield with each increase in size of tubers used. With an 
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• equidistant spacing of 38 inches for each type of seed, more per acre of 
the large than of the small type was planted. Aicher (1617) compared 
.the yields from three lota of whole seed of a given variety having an average 
tuber weight of 8, 4, and 3 ounces, respectively. Tho Aicher did not state 
the amount of seed per acre used for each lot planted, the sets of each lot 
were planted 16 inches apart in rows 3 feet apart. Aicher reported that 
as the size of the whole seed was increased, the number of stdks per hill 
pd the total yield per acre were increased. There was little difference 
in the percentage of marketable yield between the three lots. It must be 
concluded from this that large whole seed is better than small whole seed, 
under equidistance of planting, only because of the greater weight of seed 
used. Welch (1917) , in a similar experiment and under similar conditions 
duplicated Aicher^s results almost exactly, except that he obtained a 
decre^ in the percentage of marketable yield as the size of the whole 
increased. It is clear that the greater yields obtained by Welch 
from the larger whole seed were due primarily to the almost doubled amount 
of seed involved in each increase in size of seed used. Harwood and Holden 
(1893) have brought together the results obtained at the New York 
Matyland, Tennessee, Kentucky, Louisiana, Wisconsin, and Utah stations’ 
m all of which it was shown that in many cases not only the gross but also 
tlie net yield was greatest from the largest whole seed tubers. However 
in aU cases this increased yield was obtained from the greatly increased 
^oimt of ^ed used. Zavitz (1916) selected continuously, for eleven 
ye^, seed of smaU unmarketable, small marketable, medium marketable 

nhil ill duplicate 

exception in the eleven years, his average 

showed an increase with each 
incr^se in size of seed used. The average yields oer acre from tVip 
^Ueet to the largest seed, for the eleven years, were 105, 145, 181 and 
^ffer ff Zavitz credits these differences in yield to the 

Merence in the weight of the seed tubers, that is, to the dSce S the 

Whole as compared with cut seed 

on three factors; 

pared with, cut seed in the effect ^lati^ve ment of whole as corn- 
mental data on this question cLfe ^Iv ibp 
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rot-producing bacteria and fungi. Appleman (1918) has shown that the 
transverse cutting of seed tubers permits development in the median and 
basal eyes which would remain more or less dormant if the tubers were 
planted whole, due to the exclusive development of the terminal eyes. 
This would indicate a more economical use of seed than is the case if 
whole tubers are planted. Aicher (1917) and Welch (1917), in a three- 
years duplicate experiment on irrigated land in Idaho, compared whole and 
cut seed as to stand, earliness, and yield. Aicher obtained an earlier 
growth, a more prolific top growth, a larger total yield, and a smaller 
marketable yield, from whole than from cut tubers. Welch obtained a 
better stand from the whole tubers, but one that was not commensurate 
with the extra amount of seed required. He also obtained a smaller 
marketable yield from whole than from cut tubers, but he does not agree 
with Aicher that wholeness has anything to do with earhness. The 
writer is of the conviction that, so far as the relative naerit of whole and of 
cut seed is concerned, these tests of Aicher and Welch are no true criterion. 
The much greater rate of planting of whole seed over cut seed invalidates 
any conclusion that may be drawn relative to differences in yield. Har- 
wood and Holden (1893) reported an interesting experiment attempted 
by the Tennessee station to test the comparative yields from whole tubers 
and from an equal weight of halved tubers from the same lot of seed. 
This eliminated apy possible difference in rate of planting, so far as total 
weight of seed was concerned, but the fact that the half tubers were 
planted on twice as much area as the whole tubers vitiated the object of 
the experiment. Nearly two and a half times as much merchantable 
yield was obtained from the half tubers as from the whole. These same 
authors report a more nearly accurate test made by the New York station, 
in which equal-weight seed pieces of whole and cut types were used. * The 
average total yield per acre was the same from the whole and the cut seed, 
but the marketable yield per acre from the cut seed was nearly double that 
from the whole seed. 

Large as compared with small seed pieces 

The question of size of the seed piece in relation to yield has been treated 
ex{^rimentally on the basis of both weight and proportion of tuber. 
Neither basis can be considered quite separately, and both naturally 
involve the question of rate of planting, the spacing of the seed remaining 
constant. The hundreds of experiments recorded for the study of size 
of seed piece are virtually tests of the most efficient rate of planting, tho 
the objects of and the conclusions for them’ have been related to size of 
piece alone. 

Plumb (1890), comparing the yields from whole tubers, halves, quarters, 
and single-eye pieces, obtained an increased yield with every increase in size 
of seed, tho the greatest merchantable yield was obtained with the half 
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tuber. As early as 1886, Samuel Johnson (1886) compared tife yields 
from whole and half tubers and from three-, two-, and one-eye pieces,, and 
found that, whereas the whole tuber gave the Wghest total yield, the 
three-eye piece gave the highest marketable yield. Two years ^ter, 
com^mring the same t^s of seed, Johnson (1888) obtained a consistent 
gain in yield with each increase in size of seed, and a decrease in percentage 
of stand with each decrease in size of seed. Johnson did not report 
. whether his highest total yields were also the highest net yields. 


Taft (1892), m a three-years test, compared the efficiency of various 
rates of planting, by planting whole, half, quarter, and eighth tubers, 
and single^ye pieces, equidistant in the row. His net yields increased 
up to and including the half tuber, altho the highest total yield Came from 
whole seed. Adams (1889), using whole, half, two-eye, and one-eye seed 
pieces, obtained an increased total yield up to and including whole seed, 
with the greatest niarketable yield from two-eye pieces. He did not report 
in terms of net yield. Green (1887) reported a two-yeara average test of 
the yields from one-eye, two-eye, half, and whole seed pieces as increasing 
y?ith the size of piece used, but made no mention, of the net or the market- 
able yields or of the rate of planting. Hutcheson and Wolfe (1917) made a 
three-years comparison of the yields from single-eye, half-ounce, one- 
ounce, and two-ounce pieces. TOereas both total and marketable yield 
increased up to and including the two-ounce piece, the increased yield 
from the two-ounce over that from the one-ounce piece was not sufficient 

in weight. iUcher 

(1917) and Welch (1917), in their duplicate experiment covering three 
yearn, concurred in the results showmg the highest total yield to be from 
whole seed and the highest marketable yield from quartered seed pieces, 
m a companson of whole, halved, and quartered seed pieces. These 
mvertjgatora were agreed also that the number of stalks per hiU increased 
wth the Size of pie^ Panted . a fact which probably accounts for the smaller 
percentage of marketable tubers from the largest seed. 

influence of weight of seed piece on yield 
Md from 0.61 to 1.46 ounces m the variety Irish Cobbler. To mve due 

wiaeacSseS to^yield 

ofSctor^^In^tn “oatribution to the study 

rate of planting TO^)^f^mt^4^TbuXpl the 

eyes /each sft then^berof 

*b« ... «'™Ssr2K.K*.ss 
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yields for each increase in size of seed pieces used. But here he also failed 
to conifer the factor of rate of planting. In another five-years experi- 
mentrhowever, testing the efficiency of various spacings of seed, he has, 
apparently unconsciously, furnished some much-needed fiiformation. This 
test showed that with the same weight of seed planted per acre, the one- 
ounce sets, planted twice as close as the two-ounce sets, gave greater 
total, marketable, and net yields. 

Hume, Champlin, and Oakland (1914) compared large, medium, and 
small seed pieces, eye frequency being constant, and observed an average 
increase of total yield, in two varieties, of 70.9 per cent in large seed pieces 
and 55.6 per cent in medium seed pieces, over that from the smaU seed 
pieces, i^erson (1907) conducted a very comprehensive and accurate 
test of the relation of size of seed piece to yield under a constant rate of 
planting. Plantmg eighth, quarter, and half tubers, 6, 12, and 24 inches 
apart, respectively, he used 18 bushels of seed per acre in each plot. This 
gave him the highest total yield per acre from the quarter-tuber pieces 
and the lowest total yield from the half tubers. This, together with the 
test by Zavitz (1916) previously cited, would indicate that with the same 
rate of planting per acre, smaller pieces, down to one oimce, planted closer, 
are likely to give larger yields than larger pieces planted farther apart. 

Schweitzer (1896), with twelve varieties in a one-year test, compared 
the total yields and the yields of small tubers from one-eye, tw^ye, 
quarter-tuber, half-tuber, and whole-tuber pieces. This gave a variation 
in rate of planting of from 4 to 87 bushels. His total yield increased with 
each increase in size of seed piece and in rate of planting. Also, the per- 
centage of small potatoes increased from 8.9 for one-eye pieces to 26.4 
for whole tubers as seed. 

Harwood and Holden (1893) brought together a compilation of experi- 
ments from thirteen stations designed to test the relation of size of seed 
and rate of planting, to yield. In summarizing the comparative value of 
whole and of half tubers as seed, they showed that the results of a sub- 
stantial majority of these experiments were in favor of the whole tuber, 
not only for total and marketable yield, but also for net marketable 
yield and net value of the crop. Similarly, a majority of the compari- 
sons of the half-tuber and the two-eye piece favored the former thruout. 
In drawing such conclusions, it must be borne in mind that these dif- 
ferences in yield were due to an increase in the amount of seed used 
because of the larger size of the seed piece. These authors called at- 
tention to the condusions of the Ohio station, that despite the fact 
that whole potatoes give more small potatoes than one and two eye cut- 
tings, it is also true that they give more large potatoes.” 

The foregoing review of the question of large as compared with small 
seed shows that few tests have actually proved any superior merit of large 
seed, except as the amount used per acre was increased. The few tests of 
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a more comprehensive nature have indicated that equivalent amounts of 
smaller seed pieces, down to a minimum weight of one ounce, planted 
closer, may give even more efficient results. With an expei^ve and 
limited seed supply, the latter type of seed and system of plantii^ would 
seem advisable. 

Number of eyes 

Many of the older potato growers attach considerable importance to 
the number of eyes to be left, in cutting seed potatoes. While a few 
growers cut single-eye pieces, the majority prefer pieces containing two eyes. 
Whether or not there is any significance in the relation of this factor to 
^eld or to quality of the crop, it is automatically controlled, in practice, 
by the size of the seed piece, the importance of which has already ^en 
discussed. Arthur (1892) showed, in very definite terms, that the 3deld of 
large tubers decreases with the use of seed tubers weighing more than 
four and one-half ounces. His results are in accord with those of many 
other experiments which show that increasing the number of eyes on the 
seed piece tends to reduce the average size of the resulting tubers. 

Whipple (1915) studied the influence of thinning to one stalk per hill, 
in a two-years test of nine varieties planted from two-ounce pieces irre- 
spective of the number of eyes. Thiuning to one sprout improved the 
market shape and the uniformity of the crop, but Miipple’s results do 
not justify any conclusion that either total or marketable yield was 
m^e^d by thinning. The cost of thinning was therefore not warranted. 

Ballou (1910) has shown that varieties differ in the number of stdks per 
mil which will develop from a given size of seed piece. Bovee, having 
fr^uent eyes, developed more stalks per hill per unit of seed piece than 
did Carman No 3 a variety of few eyes. Ballou obtained an increase 
m the unmarketable yield from every increase in size of seed piece or 
number of eps in both varieties. The most profitable net yield in the 
Bovee was obtained from two-eye pieces planted at the rate of 15 bushels 

^ in the Carman No. 3 from half-tuber pieces planted at the 
rate or /o bushels per acre. 

contribute the real test of the 

Med piece. Using one-ounce seed pieces thruout a five-years teat he 
wmpared the results from seed pieces containing one, two three four 
amd five eyes r^pectively, and found that as the number of eyes increased’ 

tzr ^ percentage orSt“ld 

moreS 5 .fnT if ■“ however, was in no case 

st^flb ' ?hKtS tote 
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Types of seed used in the four regions surveyed 

Obviously there are many difficulties in the way of attempting to deter- 
mine by survey methods the relation of type of seed to yield. Whether 
or not a grower decides to cut his seed rather than plant it whole, depends 
principally on the size of the tubers he' has for seed, because, in cutting 
for se^, most growers have a definite size of seed piece in mind. Growers 
in Steuben County, more than in other regions, showed a tendency to 
plant seed of low market value. Much cull seed was therefore planted 
whole in 1912. Since practically all seed used on Long Island is bought 
and is of a grade higher than the average, growers there find it economical 
to cut nearly ail of it. Good seed is more cheaply produced and more 
plentiful in Franklin and Clinton Counties, and therefore relatively large 
seed is used there, and more of it is planted whole than in the other regions. 
The proportion of whole and of cut seed used in the four surveyed regions 
is shown in table 54 : 


TABLE 54. Pee Cent op Growers Using Whole and Cut Seed, in the Four Regions 

Surveyed 


Type of seed . 

Long 

Island, 

1912 

Steuben 

County, 

1912 

Monroe 

County, 

1913 

Franklin 

and 

Clinton 

Counties, 

1913 

Whole 

0 

1 : 

0 

10 

Whole and cut 

0 

40 

26 

39 

Cut 

100 

59 

74 

51 


Evidently there are very few growers who feel that their seed is small 
enough, cheap enough, or low enough in quality to warrant planting it 
whole. However, it is not possible to judge from table 54, by the amount 
of each type of seed used, which region used the best seed in the year for 
which the data were taken. It has not been possible to study the influence 
of the size of seed piece on yield, in these regions, because of the impossi- 
bility of determining even the average size of the seed used. In studying 
the influence of the size or the degree of wholeness of the tubers used for 
^ed, definite conclusions cannot be drawn because of the lack of uniformity 
in the opinibns of the growers as to the meaning of the terms large, medium, 
and small, and furthermore because in many cases more than one type of 
seed was used. The data are presented here for whatever significance they 
may have. 

On Long Island, as already stated, all the seed used in 1912 was cut. 
A comparison of the yields from large tubers cut and from medium-sized 
tubers cut, is given in table 55. The difference of 8.6 bushels per acre in 
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TO Yibld on 17i Long Island Faiu« in 1912 
TABU) 56. Relation of T tfe of Seep to xield u« 

Average 
vahw 
of manure 
and 

fertUisa 


Average 
amount 
of seed, 
used 

(buahds) 


Type of seed 



favor of the medium-^zed tubers cut is no more and is probably Jess, 
than should be expected from the increased mount of seed and fertilizer 
used by this group of growers. Apparently there was little choice between 

the two sizes of tubers used. ■ u 

The practice of cutting seed of egg size for planting was probably com- 
moner in Steuben County than in the other regions. Some whole seed 
which might be classed as cull was also used by some of the less progressive 
growers, as shown in table 56. The yields given m table 56 correlate 

TABLE 56. Relation op Ttpe op Seed to Yield on 217 Steuben County 
Farms in 1912 


Type of seed 


Laige and medium-sized cut . 


Rmftn whole 

MecUum-sized whole. 


Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Average 
amount 
of seed 
used 
(bushels) 

98 

149.7 

9.9 

11 

139.1 

10.1 

102 

135.7 

10.3 

4 

95.5 


2 

181.1 


217 


IB 


146.5 

10.4 



rather closely with the rate of planting and the value of manure and ferti- 
lizer used. The four growers who used small whole seed also used th^ 
least seed and fertilizer, and, as a result, harvested the lowest average 
yield. In view of the amount of seed and fertilizer used, ihe growers 
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who used a combination of both large and medium-sized cut seed obtained 
a more profitable net yield than did those wlfo used either large or medium- 
sized cut seed alone. 

^ far as is po^ible from the data taken, the relation of type of seed to 
yield in Monroe County is shown in table 57. More than a third of the 


TABl£ 57, Relation oe Type of Seed to Yield on 257 Monroe Cottntt 
Farics in 1913 


Type of seed 

Num- 
ber of 
farms' 

Average 
yield 
per acre 
(bushels) 

Average 
amount 
of seed 
used 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 

Mediumrsized cut 

120 

18 

80 

52 

143.5 

132.5 
132.1 

131.5 

129.5 
122.9 

120.5 


$11.75 

13.26 

9.56 

1 0 Wl 

Medium-sized whole and large cut. .... 

Small whole and medium-sized cut 

Large cut 

12.8 

12.8 

13 1 

Large and medium-sized cut 

17 

12^3 

II.O 

11 4 

Xa . OD 

1 0 ftA 

Sm^ whole and large cut 

2 

1^.00 

12.28 

Medium-sized whole and medium-sized 
cut. 

18 



9.11 

Total 

257 




Average 


136.2 

u 

$11.63 




growers in this region used medium-sized cut seed in 1913. Judging from 
the average amount of seed and fertilizer used by these same growers, 
they obtained a more profitable net yield than did the growers who used 
either large cut seed or large and medium-sized cut seed. The real expla- 
nation as to why the group using medium^zed whole and meium-sized 
cut seed obtained the lowest average yield, lies in the fact that these growers 
us^ considerably less than the average amount of seed and fertilizer. 

%cept that more whole seed was used in Franklin and Clinton Counties, 
the types of seed used there correspond fairly closely to those reported for 
Monroe County, The fact that about a third of the growers in t.his=! 
region claimed, to have used large cut seed indicates that these growers 
seed of larger average size than is used in any of the other regions. 
Ihe relation of type of seed to yield here is shown in table 58. The com- 
3del<k from large cut and medium-sized cut seed agree very well 
with the majority of the experiments previously cited, which showed 
greater yields from the larger seed, due to the greater amount of seed 
^^ted. The diff^ence of about 8 bushels per acre of average yield 
between medium-sized cut and medium-sized whole seed, however, does 
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has seldom been exceeded in this country. Rate of planting is increased 
either by closer planting or by increasing the size of the seed piece. 

Harwood and Holden (1893) compiled the results of thirteen experiments 
conducted at the Michigan station to determine the optimum rate of 
planting as well as the optimum size of seed piece. The rates of planting 
varied from 2.7 to 58.9 bushels per acre. The net yields showed that the 
optimum rates of planting varied from 10.8 to 48 bushels per acre. In 
only four tests was the best rate of planting higher than 24 bushels. 
Emerson (1907) tested rates of planting varying from 6 to 36 bushels per 
acre when eighth » quarter, and half tubers were used. He found that 12, 
18, and 36 bushels per acre were the best amounts to use for these respective 
sizes of seed pieces. Macoun (1905), by varying the spacing of the seed 
from 10 to 18 inches and thereby varying the rate of planting from 35 to 
19 bushels per acre, obtained the highest net yield from 25 bushels of seed. 
Kohler (1910), using the varieties Early Ohio and Sir Walter Raleigh, 
varied the rate of planting in each by 3 and by 2j bushels, respectively, 
from 6 to 21 bushels in the Early Ohio and from 5 to 20 bushels in the Sir 
Walter Raleigh. He obtained the highest marketable yield in the Early 
Ohio from 12 bushels of seed, and in the Sir Walter Raleigh from 17.5 
bushels. ^ ^ 

Zavitz (1916), using only one-eye pieces, varied the rate of planting 
from 1.3 to 41.2 bushels by increasing the size of the seed piece. Here 
both the highest net yield and the highest marketable yield were obtained 
from using 41.2 bushels of seed. Zavitz’s test covered a five-years period, 
and is therefore more significant in this respect than the other tests just 
reported. 

The wide variation in the optimum rate of planting shown by the 
experiments here reported, indicates that the available soil moisture and 
the fertility have much influence in limiting the stand of plants which 
will develop to maximum productivity. In other words, the potato soils 
of Steuben County, which are naturally low in fertility, cannot be expected 
to produce the average yields that are obtained in Monroe, Franklin, and 
Clinton Counties. From a review of the data available up to this time, 
it seems a safe assumption' that, under at least average conditions, the rate 
of planting may be profitably increased from its present average to from 15 
to 18 bushels per acre. Where weed control is important, labor scarce 
and expensive, and land relatively cheap, checkrowing is a common 
system of planting. Tho this system naturally lowers both the rate of 
planting and the resulting yield, both may be increased by increasing the 
size of seed piece used. 

R(Ue*of planting on Long Island 

In spite of the fact that the growers on Long Island pay relatively high 
prices for nearly all o^their seed every year, they have apparently learned 
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acre. The influence of the rate o p g 
in 1912 is shown in table 59. It may be seen in mu> 
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a teiidOTcy among the growers who planted the most seed to use also 
somewhat more than the average value of manure and fertilizer. Also, 
there was more spraying for blight among these growers^ However, the 
same marked influence on the yield from the rate of planting is shown in 
table 24, under the discussion of manure and fertilizer, where each of these 
factors is treated under the various subheads. The single discrepancy in 
table 59, m the group of growers using -from 11 to 12 bushels of seed, is 
due, at least m part, to the larger value of manure and fertilizer used by 
this group. Smce the average number of eyes per piece gradually in- 
creased from the lowest to the highest rate of planting, it may be con- 
cluded that the rate of planting varied not so much according to closeness 
of planting as according to size of seed pieces used. From table 59, it 
is apparent that the growers in this region who used as high as 15 bushels 
of seed per acre m 1912, did not use more than was profitable. Applying 
the biometncal measure of correlation of this factor with yield (fig 140) 
shows the significant coefficient 0.275 db 0.034. 

Rate of planting in Stevhen County 

In the four regions surveyed, Steuben County growers used the least 
seed, plantmg an average of only 10.1 bushels per acre in 1912 (table 60). 
The highest rate reported by any of the 360 growers was 18 bushels, and 

TABLE 60. Relation of Rate of Planting to Yield on 360 Steuben County Fabms 

IN 1912 


Rate of planting 
(buahels per acre) 


6 - 8 .. 

8 - 10 .. 

10 - 12 .. 

12-14.. 

14-18.. 

Total... 

Average 


ere was a profitable increase in yield from every increase of 2 bushels 
^ bushels. Steuben Coimty growers did not 

r^te of planting in 1912, and it is safe to recommend a 
laerable mcrease in the average amount of seed used in that region. 


Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Average 
amount 
of seed 
used 
per acre 
(bushels) 

Average 
vahie of 
manure 
and 

fertiliser 

19 
138 
126 

67 

20 

117.8 

123.1 

138.3 
147.7 

191.3 

6.9 

8.6 

10.2 

12.5 

15.4 

$ 9.17 
9.27 
10.17 
10.96 
12.63 

360 





136. ! 

in 1 




XU . 1 

$10.06 
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Altho the increased yields were due partly to the increa^d values d 
manure and fertilizer used, this factor has been studied in a separate 
grouping in table 26 under the discussion of the value of manure and 
LiLr for the region. The low average rate of planting for this county 
in 1912 was due partly to the' planting of a considerable area m check- 
rows and partly to the use of small and relatively inferior s^. The data 
show that the amount of seed used probably did not exceed the mamum 
which the relatively low soil fertility could support The coefficient of 
correlation between rate of planting and yield for th^ region, u.o74 ± 
0.031 (fig. 141), is the highest found for any of the four regions. 


Yield per acre, in bushels 
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r = 0,374 ±0.031 

Fia. 141. CORKELATlUN OF BATE OF PLANTING AND YIELD ’oN 360 STEUBEN COUNTY FARMS 
IN 1912 


Rate of planting in Monroe County 

The average amount of seed per acre used in Monroe County in 1913 
was 12.5 bushels, which was the same average as was used on Long Island 
in 1912. The relation of this factor to yield is shown in table 61. Altho 
there was a tendency among the growers who planted the most seed to 
use more ^nure and fertilizer, the influence of seed is nearly as marked 
in this region as in the others. A few growers used as much as 20 bushels 
or more per acre, and, without using more fertilizer than was used by 
powers planting from 14 to 16 bushels per acre, they obtained an average 
increase in yield of about 25 bushels per acre. It appears, however, that 
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table 61. RsLAtiON OF Rate op Plaitono to Yield on 300 Monbob Counit Farms 

IN 1913 


Rate of planting 
(bushels per acre) 

. Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Average 
amount 
of seed 
used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 


38 

62 

Hi 

69 

108.2 

119.6 

120.1 

137.5 

163.2 

8.2 

10.3 

12.4 

14.6 

18.3 

$ 9.09 

in KA 

10--12. 

12-14 i 

1U.Q4 

1 1 OQ 

14-16 

11 .ZH 

1 9 7Q 

16 and more 

20 

iZ. 4 0 

1 r> 1 A 


1^,14 

Total 

300 








Average 


126.2 

12.5 

111.28 




even the growers who planted the most seed did not exceed the optimum 
rate. A coefficient of correlation of 0.247 ± 0.037 between rate of plant- 
ing and yield for this region in 1913 is shown in figure 142. 
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CORRELATION OP RATE OP PLANUNG AND YIELD ON 300 MONROE COUNTY FARMS 
IN 1913 


Fig. 142. 
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RaU ojphnling in Franklin and CUnUm Gauntm ^ ^ 
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Rate of planting 
(buahels per acre) 


Less than 10 
10-12 
12-14 
14^16 
16 and more 


Num- 

bCTOf 

ifanns 


38 



Average 
yield 
per acre 
(bushels) 


151.7 

167.0 

188.1 
185.6 
226.1 


Average 
amount 
of seed 


per acre 
5)U8hel8) 


8,6 

10.4 

12.3 

14.6 

17.9 


Yield per acre, in bushels 


s 
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Av^ge 
value of 
manure 
and 

fertilizer 


$12.72 
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Fig. 143. correlation oe rate or planting and yield on 300 trankun and cunton 
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this table shows that there was less tendency in this region than in the 
others for growers using the most seed to use also the most manure and 
fertilizer. The figures are therefore ail the more conclusive in showing 
the marked influence of rate of planting on yield. More seed than the 
amount mdicated by the highest rate of planting here reported might 
have been used with profit in raising the 1913 crop. The coefficient of 
correlation, 0.367 rfc 0.034 (fig, 143), is altogether significant and is the 
second largest value found for any of the four regions surveyed. 

DATE OF PLANTING 

'The average date of planting potatoes in any region is determined pri- 
marily by the average date- of the last killing frost in the spring, altho 
elevation, soil type, and the type of potato grown, are also important 
Questions varying with different localities. Thus it is possible to plant 
earlier on light soils and at lower elevations, than on heavy soils and at 
higher elevations. However, because of the higher prices which usually 
obtain early in the harvest season, the earliest possible planting and 
liarvest of early varieties is desirable. 

Zayitz (1916) reported results from thirty-six tests which consisted of 
planting two early, two medium, and two late varieties on four dates, 
two weeks apart, extending from May 31 to July 12. He carried this 
experiment thru a period of six years. Without exception, in all six 
varieties, both marketable and total yield increased directly with the 
earliness of planting. A continuation of this test the following year, 
with the plantings made on six dates instead of on four, gave the same 
general results. These tests were conducted on ordinary clay loam soil 
at the Guelph station. Champlin and Winright (1917) compared for two 
years the yields from planting at intervals of fifteen days from April 1 
to July 1. For early digging the April 1 planting, and for late digging 
the May 15 planting, gave the best average yield for the two years. Such 
results as these are of value, even locally, only when the tests cover a 
period of several years. 

Because of the small variation in date of planting within each region 
surveyed for the one year, and because of the fact that conclusions on the 
best time to plant cannot be drawn from the yield of only one season, no 
attempt has been made to correlate the date of planting and the yield. 
The average date of planting in 1912 and in 1913, and the average date of 
in the spring, for the four regions, are shown in table 
od. The dates shown in this table indicate that Long Island is the only 
region in which the crop is planted before the average date of the last 

iimg spring frost. It is evident that the Long Island growers are willing 
to risk possible damage to the crop from frost in order to enhance the 
earliness of harvest. The planting season of this region is shown to be 
at least six weeks earlier than that of the others. 
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TABLE 63. Atebiob Date of Plamtino, and Ayiragb Date of Last Kiluno Frost 
IN Spring, fob the Focfb Rigionb Sob^tbd 


Re^on 

Average date 
of planting . 

Average date of 
last IdSing frost 
in spring 

IjQTIg 1912. . . . ' 

April 9 

April 25 
! IVUy 10 

May 1 

May 10 

St6ub6ii County, 1912 

May 20 

Monroo County, 1913. 

! May 24 

HWnlfHii Clinton Counties, 1913 

May 30 



HAND AS COMPARED WITH MACHINE PLANTING 

The extent to which the potato crop of any region is planted by machine 
planters is determined principally by the average acreage, the system of 
spacing hills in the row, and the amount of large stones present in the 
fields. The writer (Hardenbuig, 1915 a) found that in Steuben County, 
in 1912, when the average acreage of potatoes per farm was at least 5, 
the saving in labor cost by machine planting more than overbalanced the 
interest, depreciation, and repair costs of planting by this method. In 
regions where checkrowing is practiced, machine planting is impossible 
because potato planters cannot be used to plant in checkrows. As is 
shown later, much of the acreage in Steuben County was planted in this 
way in 1912, Some growers in Franklin and Clinton Counties find it 
impracticable to use planters because there are so many large stones in 
their fields. Conditions on Long Island, however, are almost ideal for 
machine planting, and it is done there sdmost entirely. The extent to 
which the acreage in each region was planted by hand and by machine, 
in the two years concerned, is shown in table 64: 


TABLE 64. Method op Planting and Type of Machine Used in the Four Regions 
Surveyed 


Region 

Per cent of total acre*^ 
planted by 

Per cent of total machine- 
planted acrea^ planted 
by 


1 Machine 

Hand 

2-inan 

1-man 


planter 

planter 

Long Island, 1912 

98 


23 

60 

87 

66 

77 

40 

13 

44 

Steuben County, 1912 . . 

1 25 ] 

74 

82 

75 

Monroe Countv. 1913. 

IMslin and Clinton Counties, VdlZ 

IS 

Average 

70 

On 

56 

* 

44 

~~ ■■ 


4U 
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It mjght be presumed that growers of the larger acreages in each re^on 
would be more inclined to use planters than those having a smaller acre^e. 
Whether this was true in these four regions is shown in table 65 : 


TABLE 65. Relation op Size of Potato Acreage to Method or Planting 


Region 

Average potato 
acreage per 
farm 

Average potato 
acreage planted 
by machine 

Average potato 
acreage planted 
by hand 

Long Island, 1912 

24.8 

24.6 

33.5 

Steuben County, 1912 

14.6 

17.9 

13.7 

Monroe County, 1913 

12.4 

13 1 

10,6 

fYanklin and Clinton Counties, 1913 

7.2 

6.5 

8^6 


It is evident that growers in none of these regions find it unprofitable to 
plant by machine so far as average acreage of the crop is concerned. In 
Steuben and Monroe Counties there was a tendency to use more planters 
on the larger acreages. The 2 per cent of acreage on Long Island planted 
by hand averaged higher per farm than the balance which was machine- 
planted. ^ The same relation held with the 18 per cent of hand-planted 
acreage in Franklin and Clintorr Counties. It is clear, from tables 64 
and 65, that the average potato acreage per farm, considered in the light 
of percentage of total acreage planted by hand and by machine in each 
legion, has no bearing on the extent of machine planting in these four 
egions. 

As indicated in table 64, two types of planters were commonly used. 
me was of the picker type, employing only one man, while the other 
vas usually of the platform type and required two men for its opera- 
ion. As the second man on a two-man planter is charged with the duty of 
eeing that there are no skips, better stands of potatoes are expected from 
shown in table 64 that, whereas about three- 
ourths of the Long Island acreage was planted with one-man planters, 
ue two-man type predominated in tlje other three regions. 

A study of the relative yields obtained from the acreage planted with each 
ype in the four regions is shown in table 66. Of the total of 635 growers 
ising machine planters — about one-half of all the farmers visited — the 
turners using each type of planter were approximately equal. The 
weighted averages in table 66 show that with about the same amount of 
eed per acre used in each planter, the yield was 19.3 bushels per acre 
iigner from the acre^e planted with the one-man planter. This average 
3 not a true criterion of the two types of planters, however, because a 
ge proportion of the total machine-planted acreage was on ling Island, 
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TV., n, PLANTSB to YiELB in the Foim EBSIONS SimTBXND 
TABLE 66. Relation or Trri! or mNW 


Region 


Two-man planter 


Number 
of farms 


Long Island, 1912 ..... 
Steuben CJounty, 1912 . 
Monroe County, 1913. 
][ii> ftn1flm and Clinton 
Counties, 1913. . 


Total., 


W^hted average . . . . 
Unweighted average . 


74 

43 

175 

22 


314 


Average 
yield 
per acre 
(bushels) 


Average 
amount of 
seed used 
per acre 
(bushels) 


171.6 

158.1 

132.1 

196.4 


151.4 

164.6 


12.5 

11.8 

13.2 

14.7 


12.8 

13.1 


One-man planter 


Number 
of farms 


249 

28 

28 

16 


321 


Average 
yield 
per acre 


175.6 

148.8 

116.3 

lgl.8 


170.7 

155.6 


Average 
amount of 
seed used 
per acre 


12.5 

12.9 

13.2 

14.4 


12.6 

13.2 


77 nor cent of the machine-planted area was planted with the one- 
where 77 per cent o contrary, the difference m average yield, 

““ w^ onlVdSk PC'- acre in favor of the picker 

Sr“ a^e“i.!ru - to h^ -thi^Texpected probable erron In 
Sie other three regions, where approximately equal rates of planting 
were used the average yields favored the two-man planter % difference 
SSom 9.3 to 15.8 bushels per acre. The unweighted averages in 
the table furnish a true comparison of the efficiency of the two types of 
planters, and may be accepted as an indication of the mcreased yield from 
a more perfect stand resulting from the use of the extra man on the plat- 
form plater. 

CHECKROW AS COMPARED WITH DRIUi PLANTING 
A decision as to whether to plant potatoes in* checWws or in dnUs 
involves such factors as the cost of labor, available soil fertihty 
ture, land value, weed control, and the use of machine planters. U1 tnese 
factors, weed control is probably the most influential The statements ot 
many growers in Steuben County concerning their reason for checkrow 
planting emphasized the facility of weed control by cross cultivation in 
times when hand labor is scarce or when the pressure of other fam work or 
a wet season might make weed control otherwise difficuit. The cost 
labor as a detenninii^ factor is debatable, for, while checkrowing ma> 
reduce to a Tniniimim the cost of taking care of the crop, the seed may be 
planted at less c<^ when planters are used, and planters cannot be used 


A Studt of Factors Influencing the Yield of Potatoes 1235 

to plant the hills in checkrows. Moreover, while a marker is carried by 
the machine planter, extra labor is necessary to mark the field in checks 
for checkrow planting. As is shown in later tables, less seed per acre is 
usually planted by the checkrow system than by the drill method, since 
the seed pieces are spaced farther apart. Therefore, from the standpoint 
of land economy, checkrowing is the less desirable method where land is 
high in value, as on Long Island. An ample spacing between hills is shown 
by the typical checkrowed field in Steuben County illustrated in figure 144. 



Fia. 144, A CHECKBOWED POTATO FIELD, COMHON IN STEUBEN COUNTY 

The smaller amoipt o| seed planted per unit of space in the checkrow 
system may be dearable wherever soil moisture and fertility are likely to 
taxed to their limit. However, the foregoing studies on the relation 
between rate of planting and yield do not indicate that this point was 
reached in Steuben County in 1912. 

Harwood (1893) reported comparative yields from twenty-four experi- 
ments conducted at tho Michigan station, in which the varieties Early 
Ohio and Rural New Yorker No. 2 were planted in hills and in drills. 
These testa are especially valuable because equal amounts of seed per acre 
were used in 'both systems of planting. Altho drill planting did not 
always give the higher yield, the general average showed a difference of 
12 bushels per acre for the Early Ohio and 29 bushels for Rural New 
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The influen^ of the planting system on 3deld and on the amount of seed 
used is striki^y shown, for these three regions, in table 68, As is indicated 
in this table, in all three regions the drill system of planting gave an average 


table 68. Rslation of Plantinq Stotbh to Yield in Three or the Regions Surveyed 


R^ioii 

Planted in drills 

Planted by checkrow 

Num- 

ber 

of 

farms 

Averam 

yiekf 

per 

acre 

(buriiels) 

Average 
amount 
of seed 
used 
per 
acre 

(bushels) 

Average 

value 

of 

manure 

and 

fertiliser 

Num- 

ber 

of 

farms 

1 

Average 

yield 

per 

aCTe 

(bushels) 

Average ! 
amount | 
of seed 
used 
per 
acre 

(bushels) 

Average 

value 

of 

manure 

and 

fertilizer 

Steuben County, 1912 . 
Monroe County, 1913 . . , 
Franklin nna Clinton 
Counties, 1913 

101 

221 

54 

153.0 1 
128.5 

188.4 

12.2 

13.2 

14.5 

$12.09 

11.91 

12.94 : 

251 

77 

243 

129.2 
120.6 

177.2 

' 9.2 

10.2 

11.4 

$ 9.35 
9.68 

13.20 

Totftl 

376 




571 











Average 


156.6 

13.3 

$12.31 ‘ 


142.3 

' 10.3 

$10.74 


yield varying from 7.9 to 23.8 bushels per acre higher than that from plant- 
ing in checkrows. It is shown further that invariably about 3 bushels 
more of seed per acre was required to plant by the drill system. The 
yield was sufl&ciently higher from this method, however, to more than 
pay for the extra seed necessary. 

On the basis of yield alone, these results favor the drill system of planting 
for all the regions surveyed. However, it is possible that there are seasons 
in which weed control is largely dependent on the possibility of cross 
cultivation. The choice at such times becomes one of producing a medium 
yield by checkrow planting with a minimum of labor, or a much smaller 
yield by drill planting. 


DEPTH OF planting 

* Depth of planting is a factur which, tho given some experimental atten- 
tion by various stations for many years, has received little consideration 
from the potato ^ower. The depth at which the seed piece is usually 
placed depends principally on the soil type and the method of planting. 
Just as plowing and tillage are normally more shallow in heavy than in 
light soil, so potatoes are normally planted less deeply in heavy than in hght 
soil. However, the depth at which the potato root system is allowed to 
develop depends not alone on the depth of planting, but also on the system 
of tillage employed. This is a factor too often neglected in the study of 
the influence of depth of planting on yield. For example, the seed may 
be planted shallow and the crop ^ven ridge culture, or the seed may be 
planted deeper and the crop receive level culture- With either method 
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the root system might develop at exactly the same depth. Therefore* in 
studying this factor by reviewing experimental data, false conclusions 
may eaSly be drawn. In studying it by survey methods, however, the 
problem is not so complicated, because of the fact that approximately' 
the same system of culture is used thruout a given locality. 

Harwood (1893) reported a test of depth of planting conducted at the ' 
Michigan station, using three varieties and planting on sandy loam soil 
The depth of planting was varied from 2 to 6 inches. The highest total 
yield came from the 3-inch planting, while the 4-inch depth was second best. 
The highest marketable yield came from planting 5 inches deep, altho there 
was practically no 'difference between this and the 4- and 6-inch depths. 
Emerson (1907) compared the yields from plantings at from 1- to 6-incji 
depths, and obtained a constant increase in yield with each increase in 
depth up to and including 5 inches. The 6-mch depth gave the second 
highest yield. Emerson concluded that the better quality and shape of 
the tuber resulting from planting from 4 to 5 inches deep, more than offset 
^tra labor of digging necessary for these depths. Sandsten and 
Delwiche (1909) harvested the highest total yield from the 4Tineh depth of 
planting, the yield decre^tsing with the increase in depth below that level 
Shepperd and Churchill (1911) compared the yields from plantines at 
depths of 3, 4, 5, 6, 7, and 8 inches. The 4-inch depth gave 8 per cent 
mgher yield than any deeper planting, and 4.5 per cent more than the 
d-mch depth. These investigators did not mention soil type, but reported 
the greatest yield of marketable tubers and the highest quality from tb 
deeper plantings. 

Emereon (1914), studying the influence of depth of planting on the value 
or the harvested crop for seed purposes, planted at 1, 4, and 7 inches 
Seed from the 7-inch planting jdelded the best, both in total and in market- 
able yield, m ^th of the tests he conducted. Also, seed from the 4-inc)i 
plantmg yielded much better than did that from the 1-inch depth Accord- 

seed from such deep planting is 
produced under soil conditions whlh 
fluctuated very little .m temperature and moisture 

Clement and Werner ,(1917) did not mention sod type in reportine a 
s^-years test on planting at depths of 3, 4, 5, 6, 8, and^ inches Thev 

okmned the highest marketable yield from the 4-mch depth andtLrewas 

deS^ Soun m H ^bove and below that 

^ ^ 0^ the influence of denth of 

loam 
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better depth to plant than 3 inches. Macoun's yields decreased rapidly 
in the plantings that were deeper than 6 inches. Zavitz (1916), using the 
clay loam soil at the Ontario station for seven years, planted seed 1, 3, 5, 
and 7 inches deep, and practiced level cultivation. He obtained the best, 
and practically equivalent, yields from planting 3 and 5 inches deep. He 
noted that when his seed was plspited either shallower or deeper than 4 
inches, the new tubers showed a tendency to develop nearer the 4-mch 
level than at the depth of planting. 

The evidence presented in the foregoing experiments indicates that, 
depending to some extent on the soil type and the kind of tillage, the yields 
are usually better when the seed is planted about 4 inches deep than when 
it is planted either shallower or deeper. ^ The fact that tubers tend to 
form near the 4-mch level, irrespective of depth of planting, is in itself an 
indication that soil moisture and temperature are the most favorable at 
this depth. While seed planted deeper is normally subjected to tempera- 
tures too cool for rapid growth, and the resulting crop forms too deep to 
be dug easily, seed planted less deep is subjected to a greater fluctuation 
in moisture and temperature, resulting in ill-shaped tubers and very often 
in a high proportion of sunburned or even blighted tubers. 

In this investigation an attempt was made to determine whether soil 
type and method of planting have any influence on depth of planting. 
The average depth of planting in each region, by machine, by hand, and 
or the region, is shown in table 69; 


TABLE 69. Depth of Planting in the Four Regions Sueveted 


Region 

Aver^ 

depth 

planted 

(inches) 

Avera^;e 
depth 
planted 
by machi^ 
(inches) 

Average 
depth 
planted 
by hand 
(inches) 

Long Island, 1912 ‘ 

3.3 i 

3.3 ' 

3.4 

Steuben County, 1912 

3.1 

3.0 

3.1 

Monroe County, 1913 

3.2 

3.1 

3.0 

Franklin and Clintfm Counties, 1913 

2.6 

3.2 

2.4 


Of the four r^ons, the deepest planting is found on Long Island and 
the shallowest in Franklin and Clinton Counties. Inasmuch as the 
potato soils of these two regions are lighter than those of either Steuben or 
Monroe County, no influence of soil type on depth of planting is evident 
in this study. The only significant influence of method of planting on 
depth is in IVanklin and Clinton Counties, where machine-planted potatoes 
were placed, on the average, 0.7 ihch deeper than those planted by hand. 
Whether or not the average depth of planting shown for each region 
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is considered in the following paragraphs 


and tables. ... island in 1912 is shorm in 

taS'rf T^elSi ptoting appears to have influenced the yield in 

nrPTH ot Plantino to Yieid ok 329 Loko Iblake Fabmb n< 1912 
TABLE 70. Relation of Depth of 


Depth planted 
■ (inches) 


Less than 3. 

a-4 

4-5 

5 and more . 


Total. 


Average, 3.3 inches. 


Number 
of farms 


68 

144 

99 

18 


329 


Average 
yield 
per acre 
(bushels) 


166.7 
178.0 

176.7 
182.2 


175.6 


Average 
amount of 
seed used 
per acre 
(bushels) 


12.1 

12.5 

12.9 

12.8 


12.5 


Average 
vcdue of 
manure and 
fertiliser 


130.25 

32.60 

33.41 

33.65 


132.42 


tliis region very little. Altho the average yield increased Bhgfl% as the 
denth increased, the increase in yield beyond tae 3-mch depth was no 
Ster tLn wolild probably be due to the slight increase m seed and m 
ttie value of manure Ld fertiUzer used. Aparently, the average depth of 
3 3 inches for 1912 was approximately the best. • x . 

m results of a similar study in Steuben County are shown in table 71. 


TABLE 71. Relawok or Depth or Piaktikg to Yield on 360 Steuben County Fabms 

IN 1912 


Depth planted 
•(inches) 

Number 
of farms 

Average 
yield 
per acre 
(bushels) 

Average 
amount of 
seed used 
per acre 
(bushels) 

A erage 
value of 
; manure and 
fertilizer 

Per cent 
of total 
yield 
rotted in 
field 

1-2 

6 

148.1 ’ 

10.1 

$ 9.39 

1 .0 

14.5 

14.7 

17.4 

2-3 

83 

139.6 

10.2 

11.09 

3-4 

179 

134.4 

10 1 

9.79 

4 and more 

92 

136.0 

10.1 

9.97 

Total 

360 





Average, 3.1 inches. , 


136.4 


$10.06 ' 

15.2 



!_ 



— - — • 








A Study of Factors Influencing the Yield of Potatoes 1241 

Altho six growers are too few to permit of the drawing of definite conclusions 
as to the shallowest planting found, there is considerable evidence that 
planting not more than 2 inches deep in the heavy soils of Steuben County 
is desirable, at least in a year as wet as was 1912. Under a constant rate 
of planting at all depths, and with the least manure and fertilizer used at 
the shallowest depth of planting, this depth gave the highest average 
yield and the smallest percentage of field-rotted tubers in 1912. In fact, 
the percentage of field rot increased with the depth of planting. Assuming 
that there had been no rot from blight and wet weather that year, the 
average yield uf the jlelds planted at the shallowest depth would still have 
' been the highest. 

The relation of depth of planting to yield in Monroe County in 1913 is 
shown in table 72. It is clear from this table that in 1913, planting shal- 


TABLE 72. Kelation of Depth of Planting Yield on 263 Monroe County Farms 

IN 1913 


Depth plADted 
(inches) 

Number 
of farms 

Average 
yield 
per acre 
(bushels) 

Average 
amount of 
seed used 
per acre 
(bushels) 

Average 
value of 
manure and 
fertilizer 

[-2 

11 

151.5 

11.5 

S10.43 

-3 

67 

143.1 

12.8 

11.11 

]A i 

no 

131. ' 

12.6 

11.83 

[ tad more 

72 

132.6 

12.5 

11.91 


Total 

260 








Average, 3.2 inches 


135.6 

12.6 

111.61 




ower than the average of this region would have given more than average 
i^ields. With the least seed and fertilizer, the shallowest-planted fields 
jave the highest yields. Since the potato soils of this region are heavier 
ban those of either Long Island or FrankUn and Clinton Counties, and, 
n fact, are rather heavier than ideal potato soil should be, this gives further 
evidence that potatoes should be planted shallower on heavy than on light 
joils. With an increase in the value of manure and fertilizer, and an 
ipproximately constant amount of seed used per acre, an increase in depth 
if planting was accompanied by decreased yield on fields planted deeper 
:han 2 inches. 

^ The importance of depth of planting as influencing yield in Franklin and 
v-^linton Counties is shown in table 73. The average yields in this region 
ncreased with the depth of planting, down to a depth of 4 inches. A part 
if this increase must be attributed to an increased use of seed and fertilizer. 
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r» n. PTjirasa TO Yiku) on 300 Fkanklin and CiiNTOs 

tablets. lUiAiTOH o» DNpm Pl^o ™ ^ 


Deptti planted 
(inches) 

Number 
of farms 

Average * 
yield 
per acre 
(buriiels) 

Average 
amount of 
seed used 
per acre 
. (bushels) 

Average 
value of • 
manure and 
fertilizer 


44 

111 

91 

54 



*12.27 

12.95 

13.25 

1^.25 








wmrnmi 



A ...... O A tYSAllAD . . . 

mm 

n 

12.0 

$13:01 

Average, a.o 

■ 


The evidence in table 73 indicates that the yields tegan to decrease from 
nlantine at depths greater than 4 inches. Evidently, m soils as light as 
Siose of this locality, planting at greater depths than the avtrage of 2.6 

inches for 1913 may be recommended. , n j 

Depth of planting is a factor which would require controlled 
ments covering several years in order to determine the inost effective 
depth for any given region. The evidence of a single year from the sur- 
veyed regions indicates that m the heavier sods it is safe to pl^t s^dower, 
and in the lighter soils deeper, than the average depth for 1912 and 1913. 


DEPTH OF CULTIVATION 

The term cidtivaiion has been used so promiscuously m a^cultural 
literature thatdt seems well to define its limitations as used in this study 
before entering on any discussion of its influence on the yield of potatoes. 
Cultivation has for its primary objects, weed wntrol and moisture con- 
servation. Any operation on the crop after it is up, which stirs the mi 
for either or both of these purposes, is therefore included within the meaning 
of the term as here used. Such operations as using the weeder, pulling 
weeds, hoeing, and hilling or ridging the crop, are comprehended by the 
term. This will account for the great frequency of cultivation noted 
in the studies of the influence of this factor on yield. 

Harwood (1893). reported the results of forty-four tests on the influence 
of depth of cultivation on yield. Considering 1.5 inches as shallow and 
5 inches as deep culture, forty of the forty-four tests gave total and 
marketable yields favoring deep culture. As a rule, the greatest yield oi 
RmA.11 and sunburned tubers was obtained from shallow culture. Schweit- 
zer (1896), in a one-year test on potatoes planted 4 inches deep, compared 
deep and fallow tillage. Altho his yields were almost equal, he obtained 
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a slighUy higher marketable yield from deep cultivation and a slishtlv 
liigher total yield from shallow cultivation. ' “ slightly 

Information on depth of cultivation in the. four regions surveyed was 
obtained m relative termsi denoting general depth rather than n'etiml 

mches.^ The variation in depththruoutthegrowi^^^^ 

t hastoefore not been possible to make any definite correlation of to 
toctor with yield in these studies, because of the fact that much variation 
m opinim may have existed among growers as to just what coSted 
deep, medium, or shallow culture. Furthermore, it is a commrpractice 
m aU four regionslo ndge the rows more or less late in the growing sei™ 

' J-f to a deep cultivation at the center of the row 

P™ in tie deX f ^'‘>^0 considerable vark 

tion in the depth of cu tivation was found at different times during the 

growing sMson, a plurahty of the growers practiced relatively deep earh® 
season cifftivation and shallow late-season cultivation. This woX s^eL 
to be good cultural practice, inasmuch as deep tiUage early would enS 
he soil ar^ suited to tuber and root development, while sLltewt tiUale 
kter would avoid undue root pruning and disturbance after tute S- 


The prac^ce with respect to this factor, and its 
yield in each of the regions, is shown in table 74. 


apparent influence on 
Of the 1290 growers 


TABLE 74. Relation of Seasonal Depth of Cultivation to Yield in the Foob Regions 

OUBYETED 



1 Long Island, 

{ Steuben County, 

1 Monroe Countv. 

Franklin and 





1912 


1913 

Clinton Counties, 

Type of 








1913 

Num- 

ber 

of 

farms 

Average 

yield 

Num- 

ber 

Average 

yield 

Num- 

ber 

Average 

yield 

Num- 

ber 

Average 

cultivation 


per acre 
(bushels) 

of 

farms 

per acre 
(bushels) 

of 

farms 

per acre 
(bushels) 

of 

farms 

per acre 
(bushels) 

Deep early and 










shallow late 
Medium early and 

267 

172.9 

164 

141.5 

106 

146.0 

89 

183.7 

medium late . . . . 
t)eep early and 

9 

165.1 

112 

123.3 

21 

130.3 

58 

172.1 

deep late . . . 

34 

10 ^ n 

38 

149.5 

67 

128.5 



Deep early and 

lyo .u 

35 

175.4 

medium late. 

Total... 

12 

322 

• 149.3 

23 

121.6 

29 

122.9 

30 

196.2 

Average.' 


175.2 

Ooi 

135.7 

223 

136.7 

212 

181.2 
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concerned in the whole survey, approximately 1100 practiced one of th ' 
four types of cultivation listed in this table. Each of the remainder prac- 
ticed one of the other possible five types of deep, medium, and shallmv 
early- and late-season cultivation. Cn the basis of weighty averages, the 
best average jdelds were obtained from deep cultivation early in the season 
and shallow cultivation late. 

RIDGE AS COMPARED WITH LEVEL CULTURE 

The system of potato culture in vogue almost universally thfuout the 
New England and Middle Atlantic States has been that of varying degrees 
of ridging or hilling. An extreme ridging, comparable to that followed in 
Aroostook County, Maine, is practiced in Franklin and Clinton Counties, 
In only a few limited areas, notably the Long Island potato areas, is any- 
thing approaching level cultivation common in these sections of the 
United States. J^ardless of the fact that several station experiments 
have shown superior merit in point of yield from level culture, ridge culture 
is by far the commoner. The more obvious advantages of ridge culture 
consist in (1) greater ease in digging, (2) more efficient weed control by 
covering rather than by removing and disturbing the root system close to 
the row, (3) more friable soil for tuber development, (4) protection of tubers 
from the spores of the late-blight fungus {Phyiophihora infestans)} and (5) 
greater surface evaporation of moisture, a factor of special value on heavy 
soils in regions of possible excess, or poorly distributed, growing-season 
rainfall. 

Geismar (1905) compared hill and level culture on both fall- and spring- 
planted potatoes. His yields favored level culture for both the fall- and 
the spring-planted crops by 5 and 7 per cent increases, respectively. Geis- 
mar very mistakenly added these increases and credited the total to the 
adv^tage of level culture. This was a blight year at the Michigan 
station, and, altho Geismar stated that the damage from the disease was 
confined to the tops, it is possible that some protection from ridging was 
furnished the ridged plots, and that in a dry year the advantage in level 
culture would have been even greater. Stone (1905), at tlm Cornell 
station, compared various frequencies of hilled and level culture for five 
years on medium light soil. In each of these years, the yields were best 
under level culture, the differences ranging from 1 to 37 bushels per acre, 
the average favoring level culture by 14 bushels. Stone did not explain 
why the smallest differences in yield occurred in the two driest yeans, when 
greatest advantage from level culture might have been expected. 
During three of these five years, he compared continuous level culture up 
to nme cultivations, with laying by and ridging the crop after from three 
to five cultivations. In these, tests, the continuous level culture gave an 
awrage advantage of 54 bushels per acre. Shepperd and Churchill 
(1911), altho reporting no data, stated that level culture has given far better 
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results than ridging in North Dakota, even in sections having the heaviest 

rainfall. 

Since the systemof cultivation as well as the depth of planting may have 
a part in determining the ultimate depth of the seed piece, this factor of 
depth of seed piece should be controlled in all tests of the influence of system 
of cultivation on yield. Woods and Bartlett (1909) and Woods (1911) 
reported a coinparison of the yields from shallow planting and high ridging 
and from medium planting and medium ridging. In these tests the depth 
of seed piece was constant. The medium-ridge culture gave a three- 
years average yield of 10 bushels per acre more than the high-ridge culture. 
Woods (1914), reporting a continuation of these tests but including deep 
planting and level culture, showed a four-years average yield for the years 
1910 to 1913, inclusive, of 276 bushels per acre from medium ridging, 261 
bushels per acre from level culture, and 232 bushels per acre from high 
ridging. Thus, over a long period of years, in a region of relatively high 
rainfall and Mth the depth of seed piece constant, the yields favored a 
system ranging from medium-ridge to level culture. Because of the 
greater difficulty of harvesting the crop from level culture, however, Woods 
concluded that, for Maine conditions of soil and climate, there is little 
choice between these three methods. 

Macoun (1905) reported four-years average yields, from level and from 
ridge culture, favoring ridge culture by 22 bushels per acre. Level culture 
proved the better in one of the four years, and, altho one of the four was 
a drought year, this was not the year in which the level culture yielded 
the best. Macoun's results were obtained at the Ottawa station, in a moist 
sandy loam not subject to drying out. Zavitz (1916), in a nine-years 
test, obtained an average difference of 7.6 bushels per acre in favor of ridge 
culture. He stated that three of the nine years were comparatively dry, 
and in these three years level culture gave the higher yields. Clinton 
(1916), in a six-ye^s comparison of ridge and level culture, obtained yields 
slightly favoring ridge culture during three years and yields slightly favor- 
ing level culture during the remaining three years. He concluded that 
the only difference in the influence of these two systems on ]^ield is in an 
advantage from a lower percentage of blight rot under the ridge-culture 
system. 

It must be concluded from the above review of experiments that, in 
^ncral, level culture lias given slightly better yields than has ridging. 
Ihe advantage has been most marked in dry yeara and in the lighter 

^ oil regional soil type and seasonal rainfall, however, 

tne advantages generally conceded to ridging should be considered in choos- 
ing the best system to fit a specific locality. 

Owing to the lack of variation in tillage rnethods within each of the 
regions studied, it was not possible to correlate this factor with yield by 
survey methods; Altho some variation in the degree of ridging exists 
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within each region, lack of information on a definite measurement of thi^ 
degree makes its use in these studies impossible. ^ 

Level culture is the system generally understood to be practiced on Long 
Island. However, nearly all the growers there, while mamtainii^ level 
culture thruout most of the season, cultivate a slight ridge toward the rov/ 
late in the season, at 'either the last or the last two estivations. The 
reasons given by growers of the 1912 crop for this practice, were (1) that 
(Jigging was made easier and (2) that the tubers wem protected from the 
spores of the late- blight fungus. Altho the potato soils of Loi^ Island are 
relatively light in texture, the growing-season rainfall of this region, as 
shown in figure 127 (page 1149), is relatively high. AH growers of the 
1912 crop reported the practice of level culture,* 

In Steuben County a system of relatively high ridging is practiced. A 
ridge is gradually worked toward the row at each cultivation thruout the 
season, and this is increased late in the season by a specialized implement 
called a killer. Because of the heavy soil of this region, ridge culture is 
doubtless of some merit due to the greater ease in harvesting and the 
protection from blight rot which it affords. All the growers whose 1912 
crop was studied practiced ridge culture. 

Of the 300 growers in Monroe County, 272 reported the practice of 
level culture, with a slight ridging toward the end of the growing season. 
The other 28 growers in this region practiced continuous level culture in 
1913. 

Only 1 of the 300 growers in Franklin and Clinton Counties practiced 
level culture in 1913. Ridging is here begun as soon as the crop is up, 
the tops, and such weeds as have grown since planting, being covered at 
that time. By the end of the growing season an extreme ridge has been 
developed, greater than that used in Steuben County. Altho the grow- 
ing-season rainfall of this region is almost as high as that of Long Island, 
the light soils which prevail in most of the section do not seem to warrant 
such extreme ridging. This is a problem apparently impossible of solution 
by survey methods and one requiring years of test. 

FREQUENCY OF CULTIVATION 

Cultivation as a prime requisite of good crop yields thru its resulting 
in weed control, moisture conservation, and increased availability of plant 
food, is one of the oldest known practices of agriculture. However , 
very few experinaents of value have been conducted for the express pur- 
pose of determining the optimum frequency of cultivation. The value 
of such tests is, of course, dependent on such other factora as duration of 
the experiment, condition of the seed bed, replication, and time of cultiva- 
tion. Conclusions drawn must give due consideration to the available 
soil moisture and fertility and the soil type under which the test is 
conducted. 
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Stone (1905), in & carefully controlled experiment covering six years 
at the Cornell station, compared the yields of potatoes from cultivating 
three, four, five, six, seven, eight, nine, eleven, and thirteen times during 
the sea^n. During these years he obtained average yields favoring 
seven, eight, and nine cultivations, by from 8 to 100 bushels per acre. 
The plots were replicated from two to four times. Stone’s tests showed 
clearly that under the conditions of his experiment it was possible to culti- 
vate beyond the limit of naaximum production. Emerson (1907) compared 
yields from what he called poor, medium, and thoro cultivation. Under 
poor tillage, the land was harrowed three times and cultivated twice, the 
land not being kept free from weeds even early .in the season. Under 
medium tillage, the land was harrowed three times and cultivated four 
times, the weeds growing only in the rows after the crop was nearly ripe. 
Under thoro tillage, four harrowings and six cultivations were given, no 
weeds being allowed to grow. The yield of the medium-cultivated crop 
exceeded that from poor tillage by 60 per cent and that from thoro tillage 
by about 9 per cent. Emerson concluded (1) that tillage can be overdone, 
(2) that cultivation to control weeds only is sufficient, and (3) that, in 
eastern Nebraska, two or three harrowings and five or six cultivations are 
sufficient for potatoes. 

The high frequency of cultivation recorded for some of the regions 
included in this study must not be construed to mean that this frequency 
applies only to operations with a cultivator. As already explained, all 
operations which stir the soil and control weeds after planting are included. 
Inasmuch as the rate of planting and the value of manure and fertilizer 
have already been shown to be very influential on yield, frequency of 
cultivation is here studied for each region in connection with these factors. 

Frequency of culiwation on Long Island 

Long Island is the only region, of the four surveyed, in which the Hal- 
lock weeder is used extensively. This implement is used principally just 
before or just after the crop comes up. Having a broad sweep, it removes 
very efficiently those small weed seedlings which develop between planting 
time and the time at which the plants come up. Since the entire crop in 
this region is planted in drills, cross cultivation is impossible and much 
hand hoemg is therefore done to remove the weeds that develop during 
me growing season. Many growers reported also hand pulling of weeds, 
ihese oj^rations, in addition to the usual cultivations between the rows, 
resulted in the highest frequency of cultivation in this region, the average 
m 1912 bemg 10.9 times. ^ 

, The relation of this factor to yield, under constant rates of planting, 
IS shown in table 75. The averages for the 329 farms listed in this table 

dicate that m 1912 it did not pay to cultivate more than ten times, 
in tact, these averages seem to indicate that frequency of cultivation above 
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TABLE 75. Relation or Fbequbnct op Cultivation and Rate op Plantiko, to Yibl];. 

ON 329 Long Island Farms in 1912 ' 


AmouQt of, seed piRRted 


Number (A times 
cultivated 

Less than 12 
bushels 

From 12 to 14 
bushels 

14 bushels and 
more 

Average 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 1 

Num- 
ber of 
farms 

Average^ 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Less than 10 

10-13 

13 and more 

44 

59 

35 

183.7 

158.7 

155.7 

42 

52 

32 

165.5 1 
183.9 
157.4 I 

28 

24 

13 

190.9 

194.1 

1 222.8 

114 

135 

80 

176 6 
177,1 
168.6 

Total 

138 


126 


65 


^29 


Average 


166.2 


170.2 


197.8 


17^7 


ten was not influential on yield. A further study of the table, however 
shows that as the rate of planting increased, the efficiency of the higher 
frequencies of cultivation increased. This phenomenon may possibly 
be explained by considermg it in connection with the figures in table 76 


TABLE 76. Relation of Frequency of CuLTivATroN and Value op Manure and Febtt- 
LiKER, TO Yield, on 330 Long Island Farms in 1912 


Value of manure and fertilizer 


' Number of times 
cultivated 

Less than $30 

From $30 to $40 

$40 and more 

Average 

Nmn- 
1 her of 
' farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Less than 10 i 

10-13 

13 and more. . . [ 

32 

57 

40 

lye Q 

155.7 

151.1 

65 

62 

26 

181.2 

191.2 

163.1 

18 : 
16 

14 

166.5 

191.9 

217.9 

115 
135 
80 , 

178.4 

177.1 

168.6 

Total j 

129 


153 


48 


330 

' 

Average [ 

! 

— 

158. 7 



182.2 


194.4 j .... 1 

175.5 


and fertiliMr to^vield cultivation and value of manure 

zmmm to yield. The vanation in the average yields in tables 75 
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and 76 exhibits a very obvious similarity. It is evident in both tables 
that more than ten cultivations were efficient only when the greater 
amounts of seed and of manure and fertilizer were used. This may 
indicate either that a greater amount of tillage was necessary to control 
the greater weed growth produced by the increased fertility, or that 
more tillage was necessary to make available sufficient plant food to 
support the increased stand of potatoes. It may be concluded that, on 
the average, it did not pay to cultivate potatoes more than ten times in 
this region in 1912. The coefficient of correlation between this factor 
and yield, as shown in figure 145, is’ - 0.087 ± 0.037. This slightly 


Yield per acre, in bushels 




i 26- 50 

1 

»o 

76-100 

1 

101-125 

126-150 

r- 

s 

176-200 
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251-275 
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2 
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6 

5 

19 

3 

11 

11 

6 

3 



64 


9-10 

1 

1 

11 

9 

17 

.10 

17 

8 

7 

3 


1 ■ 

85 

3 

u 

11-12 


1 

6 

10 

20 

17 

18 

2 

6 

4 

4 

2 i 

90 

CD 

a 

13-14 


1 

3 

10 

11 

5 

6 

4 

1 

2 

3 


46 


15-16 



2 

2 

5 

6 

2 


1 


1 


19 


17-18 




1 

5 

1 

2 

1 





10 

*0 

19-20 
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23-24 
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27 

38 

81 

43 

60 

27 

23 

13 

8 

3 

330 


r = - 0.087 ±0.037 


Fig. 145. correlation of frequency op cultivation and yield on 330 long island 
FARMS IN 1912 

negative value indicates that the average frequency was a little too high 
for majdmum production. However, the relatively high probable error 
renders the coefficient insignificant. 

Frequency of cultivation in Steuben County 
Cultivation was not so thoroly practiced in Steuben County in 1912, as 
on Long Island, the average frequency being 7.6 cultivations. Weed 
control is much more of a problem here than elsewhere because of the 
fact that potatoes are usually ^own on sod land of several years standing 
and on land containing a considerable quantity of weed seed or stubble. 
Furthermore, the seed bed is here more poorly prepared than in most 
other regions because of the susceptibility of the soil to extreme puddling. 
Under these conditions, the factor of frequency of cultivation would he 
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expected to have a direct positive influence on yield. The relationship of 
this factor and the rate of planting, to yield, is shown in table 77 : 

TABLE 77. Relatiok of Frequency of Cultivation and Rate of Planting, to Yield, 
ON 349 Steuben County Farms in 1912 


Amount of seed planted 


Number of times 
cultivated 

! 

From 6 to 10 
bushelB 

From 10 to 14 
bushels 

From 14 to 18 
bushels 

I Average 

Num- 
ber of 
farms 

Average 
yield 
per acre ! 
(bushels) 

Num- 
ber of 
farms 

Average ; 

yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield ! 
per acre 
(bushels) 

Num- 
ber of , 
farms 

Average 
yield 
per acre 
(bushels) 

1-4 

78f' 

122.5 

70 

135.6 

4 

168.6 

152 

130 3 

4-7 

07 ' 

123.5 

97 : 

141.5 

10 

201.3 

174 

, 138 0 

7-13 

2 

108.3 

15 

164.2 

6 

192.1 

23 

168.4 

Total 

147 


.;i82 


20 


349 


Average 


122.8 

.... 

i 141.4 


191.3 


136,4 


Four of the groups studied in table 77 contain too few farms to give 
reliable results,yet the study shows clearly enough that the average yields 
increased as the frequency of cultivation increased, irrespective of the 



Number of times 
cultivated 

Value of manure and fertilizer 

From $4 to 1 12 

Fmm J12 to $20 

From $20 to $50 

Average 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre , 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

d- 4 

4-7 

7-13 

23 

35 

10 

136.5 

142.4 

166.0 

20 

24 

4 

150.1 

172.5 

169.9 

5 

21 

5 

165.9 

165.7 

173.5 

48 

80 

19 

145.0 

157.0 
168.4 

Total 

68 


48 


31 


147 


Average..'. . . 


145.0 


162.9 


167.1 

■ 

155.1 
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rate of planting. To further allay suspicion that the increased yields, 
apparently due to increased cultivation, were not in part due to corre- 
sponding increases in the value of manure and fertilizer, a study of this 
factor in connection with value of manure and fertilizer is presented in 
table 78. Altho comparatively few farms are involved in the study in 
this table, the positive influence of frequency of cultivation on yield 
is well shown.’ In contrast to Long Island, it is apparent that growers 
in this region did not exceed the profitable limit in number of cultivations 
in 1912. This statement is further proved by the coefficient of correla- 
tion, 0.231 ± 0.034, shown in figure 146. 


Yield per acre, in buahela 



2 5 26 64 73 78 52 38 9 10 0 2 0 0 1 360 


r = 0.231± 0.034 

Lig. 146 . COfiRELATION OF FREQUENCY OP CULTIVATtON AND YIELD ON 360 STEUBEN COUNTY 
FARUS IN 1912 

Frequency of cidtivation in Monroe County 
The common rotation of one to two years of cultivated crops, followed 
two years of grain, followed by only one to two years of hay, makes 
problem of weed control less of a limiting factor to yield in Monroe 
Coimty than in Steuben County. The growing-season rainfall for this 
region, however, as shown in figure 127, is lower than that for the other 
three areas, and, because of this, cultivation for moisture conservation 
“iight be presumed important. The average frequency of cultivation 
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shown in tables 79 and 80, respectively . 

^ n» PmTIVATION AJH) RaTE OF PLANTING, TO 

table 79. MnNN^ VNTT Fabms in 19 13 


Amount of seed planted 


Number of times 
cultivated 

Less than 12 
bushels 

From 12 to 15 
bushels 

15 bushels and 
more 

Average 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Avei^ie 
yield 
per acre 
(bu^els) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Less than 7 

7 9 

9 and more 

34 

41 

25 

117.1 

115.3 

113-2 

29 

50 

54 

143 

117.9 

114.4 

133.6 

15 

23 1 
21 

57 

112.1 

145.6 

172.5 

76 

124 

100 

300 

116.6 

120.8 

138.8 

Total 

Average. . , — 

100 

115.4 


122.7 


150.1 


126.2 


», ju-~. » 9-rr,i'£=‘=-V.r,M^^ 


Value of manure and fertiliaer 


Number of times 
cultivated 



Less than $10 I 

From $10 to $20 

$20 and more 

Average 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Avwage 
yield, 
per acre 
(Lushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Less than 7 

7-9 *. 

9 and more 

36 

59 

41 

106.8 

114.2 

120.6 

33 

56 

47 

122.6 

125.9 

150.1 

7 

9 

12 

137.6 

133.9 

159.2 

1 76 

124 
100 

116.6 

120.8 

138.8 

Total 

136 


136 


28 


300 

_ 

Aver^ 


114.4 


134.3 

TT 

145.6 


126.2 


Altho increased frequency of cultivation did not produce 
yields for growers using less than 12 bushels of seed pet acre, this ao 
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nrit apply to the growers who used more seed. Furthermore, since the 
rroup of growers using less than 12 bushels of seed per acre included those 
ffho planted in checkrows, it was doubtless possible to control weeds 
^vith fewer cultivations than were necessary for fields planted in drills. 
A. fairly consistent positive influence of frequency of cultivation on yield, 
irrespective of the value of manure and fertilizer used, is shown in table 
50. It is evident that the highest frequencies of cultivation were pro- 
ductive of profitably increased ^elds except for the few growers who, 
because of checkrow planting which made cross cultivation possible, were 
able to control the weeds with fewer cultivations. The coefficient 0.169 
± 0.038 (fig. 147), while small, is positive and is significant in value. 

Yield per acre, ia bushels 





1 7 38 70 50 61 34 24 8 4 0 1 1 1 300 

0.169 ±0.038 

F^G. 147. COHKELA'nON OF FREQUENCT OF CULTIVATION AND YIELD ON 300 MONROE COUNTY’ 
FARMS IN 1913 

Freqttency of cultivation in Franklin and Clinton Courdies 
Cultivation in Fra nklin and Clinton CJounties is not generally continued 
IS late in the growing season as in most other regions of the State. On 
he other hand, ridging is begun early in the season and the crop is given the 
mal ridging soon after blossoming. The average number of cultivations 
n this region in 1913 was 6.3. As shown in table 15, this was the only 
egion of the four in which a very significant proportion of the total acreage 
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wa§ plowed in the fall. This practice allows earlier and better seedfcecj 
preparation in the spring than would otherwise be possible, and mates 
later cultivations during the growing season less necessary. The relation 
of this factor in connection with the amount of seed and the value of man tire 
and fertilizer used, to yield, in 1913, is shown in tables 81 and 82, resjJec- 

- ABLE 81. Relation op Prequenct op Cultivation and Rate of Planting, to 

ON 300 Franklin and Clinton Countt Farms in 1913 ' ' 


Amount of seed planted 


Number of times 
cultivated 

Lesi 

b 

i than 12 
ushelg 

lYom 12 to 14 
bushels 

14 bushels and 
more 

Average 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Avera^ 
yield 
per acie 
(bushels) 

Leas than 6 

46 

164.1 

' 49 

184.0 

30 

189.0 

125 

177 2 

6^ 

41 

162.5 

35 

192.0 

30 

204.8 

106 

187 7 

8 and more 

38 

159.6 

20 

191.2 

11 

, 184.5 

69 

* 172;o 

Total 

125 


104 


71 


300 

1 — ^ _ 








Average 


162.1 


188.1 


195.0 


179.3 


TABLE 82. Relation of Frequency of Cultivation and Value of Manurf ivn 
Fertilizer, to Yield, on 297 Franklin and Clinton County Farms in 1913 


Value of manure and fertiliser 


Number of times 
cultivated 

Less than $10 

From $10 to $14 

$14 and more 

Average 

Num- 
ber of 
farms 

Average 
yield 
per acre 
^ushelg) 

Num- 
ber of 
farms 

Average 
yield 
per acre i 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels] 

Less than 6. . 
6-8...... 

8 and more . . . 

! 44 

31 

19 

173.0 i 

177.7 

142.5 

! 41 

1 38 

27 

177.5 

188.4 

177.0 

38 

37 

22 

189.0 

188.4 

188.9 

123 

106 

68 

179.1 

185.2 
= 171.5 

Total . . . 

94 


106 


97 


297 


Average .... 


168.2 

z 

181.3 


188.7 


179.5 
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lively. As shown in these tables, there was no apparent gain in yield in 
1913 from cultivating more than seven times. In fact, it is question- 
able whether the small gain shown in most cases from cultivating more 
than five times was sufficient to pay the extra cost of the labor involved, 
this means that the average frequency for the year concerned was not far 
from optimum. The coefficient 0.055 ± 0.039 (fig. 148), while positive, is 


Yield per acre^ in bushels 



3 

1 


3 

1 

3 

2 




10 

4 

2 

3 

4 

9 

6 

5 

3 



32 

5 

3 

5 

14 

17 

15 

18 

5 

4 

2 

83 

6 

3 

4 

12 

7 

19 

5 

9 

2 

3 

64 

7 

1 

4 

6 

8 

16 

2 

3 

2 


42 

8 

1 

5 

6 

3 

8 

3 

2 

1 


29 

9 


5 

2 

3 

1 

1 


3 


15 

10 


1 

2 

3 

2 

1 


1 


10 

11 ' 

1 



1 

1 





3 

12 







1 



1 

13 



1 


3 

1 

1 



, 6 

14 





2 


2 

1 


5 


12 

■27 

50 

52 

76 

38 

26 

14 

5 

300 


r = 0.055 zb 0.039 

[O. 148. COHRELATION OF FBEQUBNCT OP CULTIVATION AND YIELD ON 300 FRANKLIN AND 
CLINTON COUNTY FARMS IN 1913 


00 small and insignificant to indicate any real correlation of frequency of 
ultivation with yield. It must be concluded, therefore, that in practically 
il cases sufficiently frequent cultivation was given so that it was not a 
^ctor limiting yield. 

f SPRAYING 

Spraying as a factor in potato production must have been first practiced 

1 this country sometime after 1859. This is the date when the Colorado 
Dtato beetle (Leptinotarso, decemlineata) began its movement eastward from 
le Rocky Mountains (Fraser, 1912). The potentiality of this pest to 
luse complete defoliation has since resulted in the extensive use of such 
rsenical insecticides as paris green, arsenate of lead, and arsenite of 
^a, for its control. The extent to which insecticides have been used in 
given locality has depended on the prevalence of the beetles. The fact 
lat growers in a certain locality did not spray for insects during a certain 
ason, is evidence that insects were scarce or almost absent. A study of 

»e influence of spraying with insecticides on yield in a given region, there- 
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1 1 , tn show positive results. On the contrisry, 

tore, may not be e*P® . , , from spraying with a fungicide for the 
positive influence on y (phytophtfiora infestans), e&Ay blight 

simultaneous control of late bhgUt „f ,g^ 

(^AUemana ^ expected in most potato regions every year 

{Ejntnx iLrolv As a standard fungicide, bordeaux mix- 

if the spraying ^ _ pumose for about thirty-six years, the practice 

S Se ri885 (Macoun, 1905). Probably the fet 
having series of spraving experiments with bordeaux 

systematic .and con—s^™^^^^^^ 

conducted in to reported a twenty-years summary of these 

Sneriments During this period, late blight occurred fifteen years out d 
thrSv the loss hi yield from the resulting rot varymg from year « 
the tweni^y, 1 r ^ yg^P from spraymg, the 

pCTcentage of gain per acre ranging from 18 m.a year of no blight, to 215 
hi Tv^ of much blight, and the average gam per acre for the twenty 
vears teing 64 per cent. Altho the frequency of spraying m these tels 
S from toe to five times a season, the influence of spraymg cannot k 
Sd because different frequencies were not used mthm any one ym. 

Second in importance to the Vermont experiments are those of ta 
yeLs duration conducted by the New York station at Geneva, under t e 
direction of Stewart, French, and Sirrme (1912). These tests were duph. 
cated, one series being conducted on heavy clay loam soil at Geneva, and 
the other on light sandy loam soil at Riverhead. purjug the test, lale 
blight occurred six years out of the ten at Geneva and only three years out 
of the ten at Riverhead. As might be expected, toefore, the greater 
average gain from spraying was obtained from the Geneva plots. 
ever, there was not one year out of the ten on either senes of plots m whicli 
a gain from spraying was not obtained. In yeare of no blight tbs gam 
was attributed to the control of such factors as flea beetles, early bligM, 
bugs, and tipburn. Spraying every two weeks during the growing season 
was each year compared to spraying but three times. With but one slignt 
exception, the more frequent spraying resulted in the higher yield. Inc 
ten-years average difference in yield due to this difference m frequency of 
spraying was 28.5 bushels per acre for Geneva, and 20.7 bushels per acre 
for Biverhead. Spraying every two weeks gave a ten-years average gam 
in yield of 97.5 bushels per acre at Geneva and 45.7 bushels per acre at 
Riverhead, 

Clinton (1916) reported the results of spraying in a thirteen-years 
test at the Connecticut station. Altho no data are presented on the 
influence of the various frequencies of spraying, increased yields ranging 
from 10 to 101 bushels per acre (the average being 38 bushels per acre) 
were reported. At this station, also, increased yields due to spraynng vtem 
obtained every year, including years of no blight, in which the average 
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increase was 29 bushels per acre. In all but four of twenty-two tests, the 
increased yield more than paid the cost of spraying, the average net gain 
per acre being $15- ^ 

Stone (1905) varied the frequency of bordeaux spraying from year to 
vcar in a six-years experiment in which unsprayed checkrows were used. 
]3ut he did not vary the frequency between plots in any single year. There- 
fore, no data on frequency of spraying, of any value, are available from this 
source. A gain in yield from spraying, ranging from 7 to 83 bushels per 
acre, was obtained during five of the six years. Stone did not attempt to 
explain the one year of loss apparently due to spraying, altho the loss 
averaged more than 30 bushels per acre. 

Somewhat conflicting data were obtained by Sandsten and Milward 
(1906) in a two-plot experiment of one year duration. Comparing the 
results from two, three, five, and six applications of bordeaux to each 
plot, they found, on one plot, a constant increase in yield with each increased 
application up to and including five, the increase dropping off slightly 
with six applications. The second plot showed a general tendency for 
yields to increase with the frequency of applications, but the data are 
inconsistent, three applications resulting in a yield lower than that of the 
check plot, while five applications resulted in a 172-per-cent increase. 

Testing the influence of frequency of spraying on yield in a blight^free 
year, Kohler (1909) compared yields from plots duplicated four times and 
sprayed two, three, four, and six times, respectively. His results showed 
a decrease in yield of marketable tubers, of 0.7 bushel per acre, from 
spraying two times, and increased yields of 8.4, 15.8, and 18.7 bushels per 
acre, respectively, from spraying three, four, and six times, as compared 
to check plots. A year later, when again there was no occurrence of blight, 
Kohler (1910) obtained an average increase in yield of 17.4 and 18.8 
bushels per acre over the yields of the unsprayed plots, from four and six 
applications, respectively. Kohler therefore concluded that, irrespective 
of late blight, better yields may be expected from sprayed plots because of 
the healthier condition of the foliage. 

The value of thoroness in applying bordeaux has been well demonstrated 
by Zavitz (1916) in his report of a seven-years test at the Ontario station. 
In five of the seven years, no blight rot occurred. In spite of this, both 
total and marketable yields increased directly with the frequency of 
spraying, in spraying three, four, and five times during each of the five 
years. Zavitz found that spraying both the tops and the bottoms of the 
plants in all three applications, rather than spraying only the tops, gave 
an increase in total yield of 13.5 bushels per acre, thus demonstrating the 
value of thoroness. In 1910, a year of blight rot, spraying from two to 
six times gave a proportionate increase in the yield of sound potatoes, a 
constant increase in the length of the growing period of the plants, and a 
constant decrease in the percentage of rot in the crop. 
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Macoun (1905) did not test the influence of frequency of sprajrag, but by 
sDravinc four times in 1901 and in 1902, and five tunes in 1^, he obtained 
an averse increased yield, for the three years, of 94.5 bushels acre. 

In spite of the loss of millions of dollars to the growers m, NewTork 
caused by the occurrence of blight every two or thr^ ye^, and in spite of 
the proved value of bordeaux mixture as a preventive of this disease, rela> 
tively few growers make a practice of using a fungicide. Altho blight 
has frequently been epiphytotic in all four of the regions surveyed except 
Franklin and Clinton Counties, only one-third of the growers on Long 
Island in 1912, 5 per cent in Steuben County in 1912, and 25 per cent 
in Monroe County in 1913, sprayed their crops with a fungicide. 
Occasional attacks of blight have been observed in Franklin and Clin- 
ton Counties, but epiphytotics are practically unknown; and even when 
the fungus is present on the foliage, it seldom attacks the tubers to any 
serious extent in this region. Only 1 per cent of the growers in this region 
sprayed for bli^t prevention in 1913. So few growers used fungicide in 
Steuben, Monroe, and Franklin and Clinton Counties, that the influence of 
frequency on yield could not be studied in detail. The extent to which 
insecticides and fungicides were used in the four regions, and the average 
yields per acre under the various treatments, are given in table 83. In 


TABLE 83. Summaht or Spraying in ihe Four Regions Surveyed 


Treatment 

Long Island, 
1912 

Steuben County, 
1912 

Monroe County, 
1913 

i ■ 

Franklin and 
i Clinton Coimties, 
1913 . 

Per 

cent 

of 

farms 

Average 
yield 
per acre 
(bushels) 

Per 

cent 

of 

farms 

Average i 
yield 
per acre 
(bushels) 

Per ■ 
cent 
of 

farms 

Average 
yield 
per acre 
(bushels) 

Per 

cent 

of 

fariip 

Average 
yield 
per acre 
(bushels) 

No' spraying 

3 

190:7 

51 

130.2 

12 

150.3 

36 

186.1 

Insecticide only 

64 

161.7 

44 

137.3 

63 

121.5 

63 

■177.3 

Fungicide 

33 

197.1 

5 

171.5 

25 

126.2 

1 

152.3 

Average 

100 

175.5 

100 ' 

136.4 

100 

126.2 

100 

179.3 


this table, a reliable criterion of the beneficial effects of spraying with fungi- 
cide is not evident in those cases in which the percentage of growers 
following any one of the three practices was below 15. 


Spraying on Long Island 

Sprang was done to a greater extent on Long Island than in the other 
three districts surveyed. Only 9 growers out of 316 did not spray at all in 
-A-bout one-third of all the growers used a fungicide for the control 
of blight, tipburn, and flea beetles. Ten per cent of the growers reported 
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their crops affected with blight, while nearly one-fourth reported fiea- 
boetle injury. The spraying practices and the average yields; together 
with the amount of seed and the value of the fertilizer used, are given 
in table 84. The number of growers not spraying at all was too small 

table 84. Kblation of Spraying Practicb to Yield on 316 Long Island Farms m 


Spraying practice 

Number 
of farms 

Average 
yield 
per acre 
fliushels) 

Average 
amount of 
seed used i 
per acre 
bushels) 

Average 
value of 
manure and 
fertilizer 

lo spraying 

9 

190.7 

12.2 

133.0$ 

jsecticide only 

204 

161.7 

11.8 

31.42 

ungicide 

103 

197.1 

13.5 

33.65 

otal — 

316 




verage 


175.3 

12.5 

i 

$32 27 


3 allow of attaching any significance to the average yield obtained by 
bese growers. The mcrease in yield per acre of over 35 bushels, resulting 
•om the use of a fungicide rather than an insecticide, is significant, altho a 
art of this difference iii yield was due to the use of more seed and fertilizer. 
Results of further studies on the influence of frequency of spraying with 
jngicide, on yield , are shown in tables 85 and 86, in which the factors of seed 

ABLE 85. Relation of Number of Times Sprayed with Fungi ctide, and Rate of 
Planting, to Y ibld, on 109 Long Island Farms in 1912 


AmoBnt of seed planted 


Number of times 
sprayed 

Leas than 12 
bushels 

From 12 to 14 ’ 
bushels 

14 bushels and 
more 

Aver^;e 

Num- 
ber of 
farms 

Average i 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms 

Average 
yield 
per acre 
(bushels) 

Num- 
ber of 
farms ; 

Average ; 

yield 
per acre 
(bushels) 

Num- 
ber of 1 
farms 

Average 
yield 
per acre 
(bushels) 

ess than 5 

11 

11 

4 

154.6 

197.2 

217.2 

15 

19 

8 

189.7 

196.5 

197.5 

7 

! 18 

16 

181.5 
197.0 

220.5 

33 

I 48 
; 28 

179.5 

196.9 

213.8 

-7.... 

and more 

— 

otal .... 

26 


42 

! 

41 


109 


verage 


187.6- 


194.2 


201.6 


196.8 
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TABLE 86. Relation of Numbbe of Times Speated with Fttnoicidb, an© Valub; or 
‘ Manorb an© FbetiUzee, to Yield, on 109 Long Island Farms in 1912 



and fertilizer, respectively, are separated. It appears from table 8o thal 
the yield increased directly with the frequency of spraying, irrespectiv? 
of the rate of planting. In table 86, the influence of frequency of spraying 
does not appear to have been so marked. This is due partly, however, 
to the insufiScient number of growers in some of the groups. As a whole, 
these data indicate that the growers who sprayed the greatest number of 
times, obtained at least enough increase in yield to pay the extra cost 
of the labor and materials involved. The correlation of frequency of 
bordeaux spraying with yield is further shown in figure 149. The coeffi- 


Yield per acre, in bu^ek 



r = 0.133 ± 0.065 

Fig. 149 . correlation of frequency of Bordeaux spraying, and yield, on 105 m 
ISLAND FARMS IN 1912 
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i(^nt 0.133 db 0.065, while positive, is not significant because of the 
^latiVely high probable error. Since all factors influencing yield are 
ivolved in this correlation, such a Coefficient need not detract from the 
^al measure of efficiency of bordeaux spraying. Much of interest regard- 
ig the actual practice of spraying thruout the region may be observed 
1 the frequency table shown in figure 149. 

Sfraying in Simhen County 

The year 1912 was a year of blight epiph 3 d:otic in Steuben County, many 
f the growers, reporting more than half their crop left rotted and un- 
larvested in the field. More than 93 per cent of the growers found that 
he late-blight fimgus affected either tops or tubers, or both. Such con- 
litions should afford excellent means for determining the influence of 
requency of bordeaux spraying on yield. The practice of spraying in 
his region in 1912, the average yield, the rate of planting, and the value 
if manure and fertilizer per acre, are shown in table 87. The two facts 


PABLE 87. Relation of Spraying PRAcncE to Yield on 360 Steuben County Farms 
I • IN 1912 


Spraying practice 

Number 

of 

farms 

Average 

yield 

per 

acre 

(bushela) 

Average 
amount of 
seed used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 

0 spraying 

isecticide only 

ungicide 

184 

160 

16 

130.2 

137.3 
171.5 

9.9 

10.2 

11.5 

$ 9.97 
10.23 
12.96 

ntfti . . 

360 








verage 


136.4 

10.1 

$10.06 




lost clearly set forth in this table are: (1) that, whereas less than half 
le growers of this region did any spraying in 1912, only about 4,5 per 
5nt used a fungicide for blight control; and (2) that those growers who 
prayed the most thoroly also used more seed and fertilizer per acre than 
lie average, and obtained correspondingly higher yields. 

I Spraying in Monroe County 

1 The treatment accorded the potato crop for blight, tipburn, and flea- 
fectle control in Monroe County in 1913 is shown in table 88. These 
ala indicate no advantage whatever, as to yield, from fungicidal spraying 
i 1913. Evidently there was none. The explanation doubtless lies in 
p fact that the principal functions of bordeaux mixture lie in the protec- 
bn of the tubers from blight rot and in the prolongation of the plant^s 
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TABLE 88. Relaiton of Spbatikg 


Spraying practice 

Number 

gS 

farms 

Average 

yield 

per 

acre 

(bushels) 

Average 
amount of 
seed used 
per acre 
(bushels) 

Average 
value of 
manure 
and 

fertilizer 



150,3 

12.2 

111.40 

iNU Kprwjfiug 


121.5 

12.2 

11.07 

inSCCUvlUv vUijr * . . » < * ^ i * • ' 

Fun^cide 


126.2 

13.3 

•11.90 


282 




^ 



12.5 

111. 33 







growing season, thereby increasing yield. The latter function naturally 
is asserted late in the growing season. In 1913, Monroe County ex- 
perienced one of the earliest killing fall frosts in its histoiy. As a result, 
not only the bean crop, but the potato crop as well, was cut down, causing 
serious loss to the grower. Only about 7 per cent of the potato growers 
reported the occurrence of late blight up to the time of this frost. It is 
therefore evident that the possible advantages from fungicidal spraying this 
year were almost entirely nullified. Under these conditions, frequency of 
spraying could not be expected to show a normal influence on yield. The 
correlation coefficient (fig. 150) is 0.084 ± 0,081. This shows insignificant 
correlation in respect to both the coefficient and its probable error. 


1 '^ 

a 

s 


Yidld per acre, in bushels 


g § 
^ J. 4. 

s 


1 

4 3 3 4 1 1 

16 

2 

3 8 14 11 1 

19 

3 

1 3 2 4 3 1 

14 

4 

12 13 4 

11 

5 

1 1 2 

4 

6 

1 1 

2 

7 

1 

1 

S 


0 

9 


0 

10 


0 

11 


0 

12' 

1 

1 


0 


11 18 7 17 11 3 

^ r = 0.084 ± 0.081 

Fig. 150, corbelahon of fbequency of Bordeaux bpbatino, and yield, on 68 monbob 
COUNTY FARMS IN 1913 ' 
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laturity in order to reap the benefit of the early-market prices. Further- 
more, growers of early varieties in Nassau County harvest early in order 

0 be able to follow the potato crop with a crop of vegetables or root crops 
ar the fall market. A harvest of Cobbler potatoes in Nassau County, 
a the middle of July, is shown in figure 130 (page 1152). It can be noted 
hat the foli^, as separated from the tubers, is not yet mature. On the 
ollowing day this same field was ridged for turnip planting. 

As is evident from table 90, the Loi^ Island crop is seldom affected by 

1 killing fall frost. The I^ng Island growers aim to market their crop 
|8 goon after matunty as is po^ible, in order to supply the New York 
tity market before the earliest crop of other sections of the State is ready 
io harvest. For the years concerned in this study, the crop in the other 
^ee regions was harvested at an average date earlier than the average 
late of the first fall frost because of the severe blight epidemic of Steuben 
[bounty, the Q&rly and severe frost in Monroe County, and the early 
tost in Franklin and Clinton Counties. Partly because of the tempering 
pfluence of Lake Ontario, the average date of harvest and the average 
[ate of the first fall frost in Monroe County are considerably later than 
br the other regions. Similarly, because of the influence of Lake Cham- 
ilain, the growers located around Peru, in Clinton County, harvested their 
913 crop approximately two weeks later than did other growers in the 
iounty. 

METHOD OF HARVESTING IN THE FOUR REGIONS SURVEYED 

The factors that ordinarily determine whether potatoes shall be dug 
Y hand or by machine are, size of acreage, avaOable labor supply, and soil 
)nditions affecting the efficiency of machine diggers. The author (Har- 
jnhurg, 1915 a) found, for Steuben County in 1912, that when the 
3tato acreage per farm was at least 5, the saving in labor cost by machine 
igging more than outweighed the interest, depreciation, and repair costs 
: digging by this method. Since the minimum acreage of potatoes per 
tmi recorded in these studies was 5, the factor of economy in the Use of 
ladiines for digging is probably of no concern in any of the other three 
^gions. There are many farms in Steuben County* with fields so steep 
5 to limit the use of heavy elevator diggers. In 1912 the writer (Harden- 
urg, 1915 a) found the average slope of potato fields dug by hand to be 
pewhat steeper than that of machine^ug fields. A special type of 
*gger, known as the Boss^ or Keeler ^ which removes the tubers by a rotating 
5el, has been ^^ted to the hilly sections. of Steuben County because of 
B exceptionally li^t draft and its adaptation to slopes too steep for elevator 
iggere. A study the influence of slope of field on the type of digger 
^d in 1912 in Steuben County revealed the fact that the fields dug with 
H reel digger had a higher average slope than those dug with the elevator 

fpe (Hardenburg,1915 a). 
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. The method of harvesting, and the tt tS: 

the four regions surveyed, is shown in table 91. It is evident that the 

tautf ftl Method oe Hahvesttno, and Avdeagb Potato A<psaob pbk Fabm, » 
table 91. method oir ^ Regionb Subveted 


Method of 
harvesting 

Long Island, 
1913 

Steuben 
County, 1912 

Monroe 
County, 1913 

' Franklin and 
CUnton 
Counties, 1913 

Per 

cent 

of 

farms 

Average 

potato 

1 acreage 

i 

Per 

cent 

of 

farms 

Average 

potato 

acreage 

Per 

cent 

of 

farms 

Average 

potato 

acreage 

Per 

cent 

<rf 

farms 

Average 

potato 

acreage 

Elevator dtor*’ 

Reel digger 

Shovel plow shaker 

Hand — 

Various 

84 

5 

5 

1 

5 

24,3 

21.8 

19.1 

41.6 

11 

48 

12 

23 

6 

17.0 

14.9 

13.4 

15.4 

71 . 

0 

11 

3 

115, 

H 

15 

1 

0 

76 

. 8 ^ 

8.0 

7.5 

6.9 

Average 


24.8 

i 


14.7 


12,4 

1 

7.2 


reel digger is not popular outside of Steuben County, probably decause this 
dieeer leaves the tubers in a more or less bruised and scattered condition. 
As indicated by the figures for both Long Island and Monroe County 
the elevator digger was used extensively in these regions, wh^e the soil 
is relatively light and the fields vary from rolling to level. Growers in 
Franklin and Clinton Counties have not used the elevator digger exten- 
sively because of relatively small acreages per farm and an abundance 
of large boulders, which make the use of such a digger next to impossible 
More than three-fourths of the crop in this region was dug by hand 

in 1913. 1 L 

As a whole, the figures in table 91 show that the average acreage dug by 
hand was smaller than that dug by machine, and that the average acreage 
dug by the elevator digger was ^eater than that dug by any other type 
of machine. In cases of close planting and heavy top growth, it is often 
desirable to remove the tops from the tubers before picking them up. 
In fi^re 151, a view taken in Franklin County, two men are shown using 
forks for this purpose, behind an elevator digger drawn by four horses. 
This illustrates the necessity of using more than two horses because of 
the heavy draft of these machines. 

Three types of carriers were found in common use in the regions visited— 
the standard bushel slatted crate, a hamper basket, and fertilizer ba^ 
of various sizes. On Long Island, the commonest carridir in Suffolk 
County is the fertilizer bag, and that in Nassau County is the fertilzer 
bag supplemented by hamper baskets of about a bush^ capacity. These 















PtG. 151. REMOTINa TINES EBOIC TUBEBS TO FACILITATE PICKLNO UP THE CHOP 


npers as used in Nassau County, with the owner’s initial painted on 
im, are shown in figure 152. This illustration shows also the common 
ictice in this region of throwing from three to five rows together before 
king up the tubers. The prime tubers are then picked up first, the 
Is remaining until later, as illustrated. Most of the crop of Nassau 
unty which is marketed directly from the field — is taken, either in 
;se baskets or in bags, by wagon or motor truck, to the Wallabout 
irkets of Brooklyn, as shown in figure 153. In Suffolk County the crop 
taken from the field mainly in bags and is hauled in them to the car or 
} storehouse, where the potatoes are dumped on the grader if they were 
t already graded when they were picked up, and are thence emptied 
0 the car for shipment in bulk. 

The commonest carrier used in the other three regions is the bushel 
ite, in which the crop is taken to storage, and there it is either dumped 
0 piles or stored in the crate. By far the greater part of the crop is 
)red in bulk'. In these three regions, the crop is taken to the car either 
in wagon boxes, or in bags, or both ways, with the bags piled on top 
the load. 
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types op storage in the pour regions surveyed 
Since Appleman (1912) has shown the importance of low temperature 
in proper potato storage, it is of interest to note the types of storage used for 
the crops concerned in these studies. In no case was any grower’s crop 
kept in a refrigerated storage. The proportion of the total stored crop in 
each region which was stored in various types of storage facilities is given 
in table 92. The reason for the larger number of farms indicated in Steuben 


TABLE 92. Ttpus of Potato Storage in the Four Regions Surveyed 


Region 

Kumber 

of 

farms 

Per cent of stored crop stored in 

House 

cellar 

Bam 

cellar 

Special 

storage 

Barn 

shed 

Pit 

storage 

IjODg Island, 1912 

231 

61 

22 

12 

3 

2 

Steuben County, 1912 

378 

85 

11 

3 

0 

1 

Monroe County, 1913 

Franklin and Clinton Counties, 

320 

72 

24 

3 

0 

1 

1913 

300 

98 

1 

1 

0 

0 


‘and Monroe Counties than were actually visited in the survey, is due to 
the fact that a number of the growers in these regions stored their crop in 
more than one type of storage. 

Practically all of the Franklin and Clinton County crop of 1913 was stored 
indhe house cellar. In fact, this was the principal type of storage, thb 
to a lesser extent, in the other regions studied. The next most popular 
type of storage was the barn cellar. As a rule, both house and barn 
cellars were constructed with stone walls and dirt floors. Wherever a bam 
cellar was used, it was generally in close proximity to the stable, advantage 
being thus taken of the animal heat therefrom to prevent freezing. This 
was not considered a safe practice in Franklin and Clinton Coimties because 
of the greater severity of the winters in that re^on, A number of special 
storage houses were found on Long Island. Since only a small proportion 
of the Long Island crop is held for more than a few days, these special 
storages were built not so much to store the harvested crop as for a place 
of storage for the seed supply brought in from the North to be held until 
planting time. 


LENGTH OP STORAGE PERIOD 

In determining the length of time that the crop was held by the growers 
n each region, the actual date of sale of all or of parts of the crop was taken 
IS an indicator of the storage, period. It was found that a large part of 
Le crop in all four regions was marketed either directly from the field, or 
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after only a few days of holding for proper grading wd bagging at the 
bam. In table 93, the proportion of the crop so handled is considered as 

not stored. 


TABLE 93. Length of Storage Periop in the Four Regions Suryeted 





Per cent of crop stored 



Region , 

None 

For 
; one 

1 month 

For 

two 

, months 

For 
three 
: months 

For 

four 

months 

For 

five 

months 

For 

months 

For 

seven 

months 

Long Island, 1912. 

88 

5 

0 

3 

2 

1 

0 

1 

Steuben County, 
1912 

64 

6 

12 

6 .i 

8 

3 

1 

0 

Monroe County, 
1913 

38 

3 

11 

21 

11 

10 

5 

1 

Franklin and Clin- 
ton Counties, 
1913 

4^ 

1 

12 

21 

17 

1 

5 

1 


As is indicated , in table 93, a larger proportion of the crop is stored for 
one or more months in the three regions of western and northern New York 
than op Long Island. Except on Long Island, the j^neral practice is to 
market at least that part of the crop for which there is insufficient storage 
capacity, at harvest time, the remainder being disposed of as prices warrant 
and as weather and country roads permit. Much of the crop in Steuben 
County is grown under contract for local buyers. The growers delivery 
of this crop mainly at harvest time accounts for the relatively high propor- 
tion of the crop not stored in this region. 


SUMMARY 

Climate, elevation, and soil, as factors influencing yield, were found by 
this study to be so closely, and inseparably related as to make difficult the 
determination of the influence of each one. The study of available data 
shows that, whereas the climate for potatoes is generally best at the 
highest elevations, soil fertility is generally the greatest at the lower eleva- 
tions. In a year of blight, farms at high elevations are likely to show the 
best yields; while in years of no blight, better yields may be expected from 
the more fertile soils at the lower elevations. 

The value of potato land as appraised by the growers, proved 40 be corre- 
lated with yield up to the point at which the land was affected by real-estate 
valuation. This ^int was reached for a few famna located in close proxim- 
ity to cities or vffiages. The appraised valuation of these farms was 
evidently beyond the valuation justified by their productive ability- 
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From mfonnation obtained i^the survey of the four regions, it has been 
possible to determine the status of many factors which, tho not studied as 
to their influence on yield, have nevertheless a vital relation to production. 
Among these may be listed the time of plowing, the home-mixing of 
fertilizer, the analysis of fertilizer, the use of lime, the source of seed, the 
chemical treatment of seed, the date of planting, the method of planting, 
the date and method of harvesting, the type of storage, and the length of 
the storage period. 

Both biometrical and tabulation studies have shown the amount of seed 
used and the value of manure and fertilizer per acre to be the most influen- 
tial factors as relating to yield of all the factors studied. Second to these 
are depth of plowing, frequency of cultivation, and frequency of spraying. 
The influence of these five factors, expressed biometrically in terms of r, 
is summarized for each region in table 94. For obvious reasons, based 


table 94. SuMMABT or Coefficients of Coekelation fob Five Factoes in the 
Regions Subveted 


Factor 

Long Island, 

1912 

Steuben County, 
1912 

Monroe County, 
1913 

Franklin and 
Clinton CounticB, 
1913 

3epth of plowing 
of manure 
and fertilizer.. . 
BuBhela of ^ seed 

r = 0.159 d: 0.036 

r = 0.244 tt 0.035 

r = 0.275 ± 0.034 

r= -0.087 ±0.037 

r =:0.133:± 0.065 

T = 0.190 ± 0.034 

r — 0.289 ±0 033 

r — 0.374 ± 0.031 

r = 0.231 ± 0.034 

! r = 0.006 ± 0.039 

I = 0.258 ± 0.036 

r = 0.247 ± 0.037 

r = 0.169 ± 0.038 

r = 0,084 ± 0.031 

r = 0.028 ± 0.039 

, I = 0.169 ± 0.038 

r = 0.367' ± 0.034 

r = 0.055 ± 0.039 

Fre^uency^of cul- 
tivation 

Frequerwg^ of bor- 
deaux apraying. 




chiefly on environmental differences between the four regions, consider- 
able variation in the value of coefficients is shown in the table. In a single 
case, that for frequency of cultivation on Long Island, the coefficient is 
negative. Five coefficients out of the eighteen given are too small to be 
significant, the probable reasons for this being, in most cases, explained in 
the foregoing text. In but two cases is the probable error greater than 
the coefficient, these being the probable errors of the coefficients for depth 
of plowing in Monroe County and in Franklin and Clinton Counties. 

F^obably a more reliable measure of the true influence of these five 
factore on yield may be obtained from the tabulation studies for each, 
region. In view of the proved importance of these factors, a compari- 
son of the averages of some of them for the fifty highest- and the fifty 
lowest-yielding farms in the four regions is given in table 95. In general, 
the values given in this table confirm the results shown in the discussion 
of these factors. 
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T ART T? 0*; CoilPABISON OF FiFTT HiGHBST- AND |OTT LOWUST-YlBLDIKa FaI^ OF 

^GiSri^B^TED IN Average YibliI Potato Acbragr^ Send Used, .n. 

J*OOB iWlGIWB n««wT.oa SpiiATTNO WITH FuNOtCIDE 


Region 


Long Island, 1912, . 
Stetd^en County, 

1912 

Monroe County, 

1913 . 

Franklin and CUn- 

1 0 n Counties, 
1913.... 


Average 

yield 

PCT acre 
^ufibeU) 

Average 

potato 

acreage 
per fana 

Average 
amount of 
seed used 
^ acre 
bushels) 

Avo-age 
value of 
manura and 
fertiliser 

Per cent of 
growers 
spraying 
with 

fun^cide 

High- 

eat 

Low- 

est 

High- 

est 

Low- 

est 

High- 

est 

Low- 

est 

High- 

est 

! Low- 
^est 

High- 

est 

Low- 

est 

254.6 

05.6 

29.8 

18.2 

13.6 

11.6 

835.35 

829.56 

50 

16 

204.6 

72.4 

15.1 

12.0 

11.2 

9.0 

13.65 

7.78 

16 : 

0 

205.1 

64.0 

13.2 

12.8 

13.6 

11.7 

14.12 

9.08 

20 

22 

247.8 

114.8 

7.0 

7.6 

13.6 

10.7 

15.09 

11.78 

0 

2 


Factors of less, but by no means negligible, influence on yield, as 
developed by these survey studies, are: method of applying fertilizer, 
varietal type of potatoes, sun-sprouting of seed, interval between cutting 
seed and planting, dusting cut seed, type of seed, system of planting, 
depth of planting, system of cultivation. 

CONCLUSIONS 

The foregoing study of crop production by survey methods has, wholly 
apart from the facts brought out, shown the broad possibiflties of this 
method of research. It does have limitations, however, as is evidenced 
by certain conflicting data and by the occasionally inconclusive results 
reported herein. It cannot be used as a substitute either for the present 
carefully executed research of the state and federal experiment stations, 
or for more generally localized controlled experiments. On the basis of 
facts and indications revealed in this study, however, the survey method 
can and should play a more proniiuent part in supplementing the present 
scope of research. In general, too much emphasis has been placed on 
conclusions drawn from limited experimentation without due attention 
to their application to local conditions. Too little research of regional 
application has been done. Cooperative experiments have been tried, 
but they have not been sufficiently extensive in duration. 

A crop survey, to be of greatest value, should be replicated in a given 
•region, depending on the normality of seasonal conditions. The year 
1912, while possibly normal for Long Island, was a year of severe loss 
from blight to the potato crop in Steuben County, The year 1913, while 
possibly normal for Franklin and Clinton Counties, was a year with an 
extraordinarily early killing fall frost in Monroe County. These factors 
have doubtless vitiated to some degree the results of the present study 
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he influence of certain factors on yield. A larger number of records 
each region, and replication of the survey, may be suggested as the 
t and probably the only means of obviating these conditions. Whereas 
icient records were not available for the detailed study of some factors, 
number used has, on the whole, afforded means for fairly definite 
elusions. For ^ wctensive a study of details as has been pursued in 
present investigations, not less than three hundred, and preferably 
r hundred, records should be used. Aside from the relative influence 
rarious factors on yield as revealed in these studies, it has been possible 
;orrect, as well as to verify, many popular ideas of long standing, Altho 
“ what,” the why,” and the “ how ” of crop production have for 
,rs been projected to the farmer, the regional study of actual cause 
I effect by survey methods has at least contributed to the knowledge 
to the “ how much.” . 
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EoGEst C. Smith 

The ™ ^ family Chry^pidae are of pardeiito 

aterest, ®fcr l>0«aiMe of their economic importance in destrc^ying 
ardons sm^^^^hodi^ notions insects, ip>id6rs, and mites^ and sec* 

of their life history, Approidmatdy 
jxty species of Ohrysopidae have been designated in the United States, 
Several spCf^ In each locality can well be indnded in the list of common 
Qgects. comprise one of the most homi^enons families in habha 
md morphology to be found among insects. 

The work herein described is based on the study of some fifteen species 
ind covers a period of more than four years. The greater part of the 
rork was d<me at Ithaca, New York, and additional cdlections and 
Studies were made at Dayton, Ohio, at Milwaukee, Wisconsin, at Char> 
[oUesville, Virginia, and at Manhattan, Kansas. Through the courtesy 
kf Dr. Nathan Banks, the writer was permitted to study the diryaopid 
^es of Hagmir Fitch, and Banks now in the Museum of Comparative 
zoology at Cambridge, Massachusetts. 

I Acknowledgment is made to Professor Jam^ G. Needham, of Cornell 
university, under whose direction this work was done. Further 
ieknowled^ent is made to Professor William A. Biley and to Mrs. 
P.C. Smith. 

V HISTORY OF THE FAMILT 

Reaumur (1737) gave the first general discussion of this family, along 
Ith a discussion of the Hemerohiidae. This indnded a brief account 
; the habits, and a description, of three kinds of larvae. Linnaeus 
1758) grouped the Chrysopidae with the Hemerohiidae under the name 
f the latter in his tenth edition of the 8y sterna liaiurae. The systematic 
osition of the family remained unchanged until 1815, when Leach 
esignated the funily Chrysopidae, with the one genus Chrysopa, the 
ame being derived according to Schneider (1851) from Hemerobius 
\rysopis, 

Schneider’s e^cdlent mon(^aph markbd the real beginning of 
le modern da^fication of the family. From that time to the 
resent, many j^^ies have been described by Brauer, Hagen, MeLaddan, 
'etersen, and Naiss. 

i In the United States, among the early writers was Fitch (1855), who 

i ve a very exe^en| account of the Chrysopidae, He discussed the 
e history and mology of the species in New York State, and described 
the species he ik)uld ^d. Hagen (1861) listed and described thirty- 

^so presented to tbe Faculty of the Graduate School of Cornell University, June, 
In partial fulfillment of the requirements for the degree of 

;tor of i^oaophy. ■ 
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METHtm OF STUDY 

- «-. -"‘“..•stfpS? (pE 

mS'SES pi‘k» 1 "•!■ Bid tb« ehinmtf. »•" « 

LaaaV, 1 ) we p B6 i,pp«peio+h held in place by a rubber band. 

for both l^al and adult food. 
A Sisfi^ply of these insects was kept available on young wbbage 
nlMte tC^teut the fall, winter, and spring of each yean Dur^ 
pianis oriecies of aphid close at hand was used, . A few 

cfeopsd water in the vials was apparently relished by both larvae and 
adidts It was found advisable to occasionaUy moisten the cotton plugs 
vSs containing cocoons, in order to prevent the death of the pupae 

'’^AlfdStions, photographs, and drawii^ of larv^ wep made by 
the witer from live material. Most of the photographed la^ae were 
.n. fmififtd from five to seven times and were but sightly r^nced m 
^^uetion. All drawings were outlined wi^ a camera taeida. The 
TaS of corresponding parts were, with a few apparent ^ceptiom 
Sawn to the same scale, so that they may he compar^ with 
M to size. Special effort was made to bring out identificatwn aharactere 
in the illustrations. The dorsal setae have in most CMes been extend^ 
forward. When studying a larva, the direction of these setae will be 
seen to vary with the position of the larva m the mierosi^ie field. In 
reality, those over the thorax extend vert i^ y, while those over the 
abdomen extend slightly caudad (Plate LXXV, 1). 

LIFE HISTORY OP THE CHRYSOPIDAE 
Most of the published information coneeming the biology of ths 
family is contained in brief notes by many writers. The papers o 
Lurie (1897 and 1898) in Russian are imports^ tt,,t 

most noteworthy work done in America is that of Fitch (185S), and that 
of Wildermuth (i916) on Chrysopa califomiea. ^e foUowing reiei- 
ences give either life histories or valuable biological inlormatibn concern- 
ing the fehrysopidae, those marked with an asterisk being Amen 
papers. 
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BiOIOOY 0» THU Chbybopidae 

Brtttife 1387— ♦ 

•Pitdll^l855-^. novaeboracensis and others. 

Froggtt^i 1904 — €. ramhuri, 

^Gaman an4 Jewett, 1914r— C. ocuXaia. 

♦How^rti, 1901 — (7. oGulata, 

LaGrpi^ 1921*— C. perla. 

♦Lelong, 1890—0, calif ornica. 

Lurie, 1898—0. septempuneiata, 

•McGregor and McDonough, 1917 — 0. rufilabris. 

•Marlatt, 1895 — 0. oculata. 

Perkins, 1905—0. micropkya. 

B^aumur, 1737 — General. 

•Shimer, 1865— 0. illinoiensis. 

Van der Weele, 1909 — 0. jacohsoni, 

•W^ 1897— O. octdaia. 

•Wilderzttuth, 1916 — 0. californiea, 

Zehntner, 1900 — Chrysopa sp. 

The species studied biologically during their whole life history, or in 
,rt, for this account are as follows : Chrysopa oculata Say; 0. oculata 
lay) var. alhicornis (Fitch); 0. oculata (Say) var. chlorophana 
5urm.) ; 0. chi Pitch; 0. chi (Fitch) var, upsUon (Fitch) ; 0, -wipn- 
rnis Burm. ; 0. rufilabris Burm. ; 0. interrupta Schn. ; 0. quadripunc- 
ta Burm. ; 0. plorahMnda Fitch ; 0. harrisii Pitch ; 0. lineaiicarnis ' 
tch; C. lateralis Quev, C. Umaculata McClend.; 0. cockerelli Banks; 
deoma signoretti ¥iteh.; Allochrysa virginica Fitch, The keys given 
Banks (1903) will be found adequate for separating these genera and 
eeies. 

Two species, Chrysopa oculata with its varieties, and 0. nigricorniSf 
ive served almost equally as a basis for this account. These two were 
osen because th^ are of wide distribution and because they represent 
fo different habitats, the former being a garden and field species and 
e latter a tree species. 

THE EGG 

^he eggs of the chiysopid species seen can be readily recognized and 
^tmguished from ^e e^s of other insects by the fact that they are 
normally he a hyaline, hardened gelatinous stalk from four 
^ignt millimeters Jbng. The egg proper is elongate-elliptical in shape 
p green to yelkwi^ green in color. 

ffhere k a differezi^ in the size of the of different species, as well 
[m the length of the stalk. There appears to be a slight variation also 



Se'^tuation ia which they are 1 

identifieation. „wiv the greea'h^^ of leavS. 

The color of the egg 7“? ^ U nnder side of 

At As ^ embryo devdops, thei^lwmes gray 

S as iSTS. to t.«. 3 «>» f- ”* ^ “ w ■» 

this flatten^ area is center is depressed. The bre^^ border is 

moropyle IS ^forty minute triangular ridgte, with their 

t^SoTJ^Z^ rthtrf 

TM stalk of tke egg 

rCto" to me des-e. d™ P"“ll J 

summer the stalks tau to material may be drawn out lie 

the h^her a^ seasons the stalk hardeim sufficieutly 

bu“ te «ee|tiond ^®® ^ 

Usi^y there m one ^g to a w ^ 

KlXmrilS In LiSanee noted, two stato were attached 

tW^™ a previously deposited ^ M another mstance. . 

Eto ha]l!£M^ StalMci^e'^gs are not nneoimnon, h-d 

these are evident abnormalities. twim «i»ainst narasites ani 

• It is usuaUy stated that the stalk is a Protection ^a^ parasites 
predatory enemies, particularly tbe lame o^eir^ kmd^ « 
lying on a leaf are attacked as soon as the larvM ’ jjc) 

the stalked egp are generally the last discovered. Leaf cr 



g i^d various lepidopterous and byn^*- 

Meroul to crush or to eat stjdked eggs iban 

other hand, newly hatched and later first-instar 
irvae stalk and exhaust the contents of the or 

te embryo; speaking, newly hatched larvae first seek aphids 

p other deaf surface, and climb the stalks after f eulii^ to 
food can climb up the stalks or bend them over and 

[evour the They were very troublesome in outdoor rearing cages, 

leveral q^ecies of hymenopterous parasites have been bred from chrys- 
^id It dp thus seen that the stalk offers only partial protection. 

Ijocation 

Bggs may be deposited in a ^eat variety of situations, depending on 
I species. The usual place is on plants provided with food for the 
vae, not bemuse the adult has the intuition to deposit them there, but 
jause she goes to these plants to feed, and, being there, she deposits 
r eggs. Some of the less common species did not oviposit in confine- 
sat, but most species oviposited freely. , 

Some eggs hgve been observed in very unusual places. The shades 
d supports of electric lights visited during the summer were often 
served to hSiVe ^gs deposited on them. Hundreds were deposited 
istantly in. these unfavorable places. These eggs developed just as 
i eggs more favorably located, the empty shells always being found, 
student reported that a femsde Chrysopa flew in through his open 
iroom window when the light was on in the evening, and the next 
>nijng he found eggs d^osited on his coat, which was hanging over 
ehair. In another student's room, the writer observed two hatched 
irysopa ^gs on the chandelier. Brick and stone walla near lights 
d near aphid-infested plants were frequently found to be places of 
iposition. Since the larvae are very active, some of those hatching in 
di imfav(ffed)le places undoubtedly succeed in finding food, hut many 
ist perisL 

Arrangement of the eggs 

Eggs laid in the Open generally do not have a definite arrangement, 
icasionally a stra^ht row of ten or fifteen almost equally distant may 
s found across a Jeaf or on a plant stem. Otherwise the ^gs are 
posited si^ly Of in irregular groups at varying distances apart. 
TOopa nigrioon^ generally deposits its eggs in rather closely 
panged, irregulaf groups on leaves of maples, spiraea, and other 
^ot infrequently they are in irregular tangled masses without 
W definte an^mi^ent. Such groups can often be identified posi- 





jstp h» iTtaw jSl” f»i'?3iSLtSS;.' 
SiSL'ITSSSSS.f M -"W tt. l«t^ jHirm 

favorably In e y sp^^ ^ ^g ^ laid m the laboratory 

ifFebS' 1W6, by C. ocvlata, only 87 or f pj ^nVhatehed. This 
low nereentaee, and was undoubtedly due to unfavor- 
ablftemSSe K “ and Marelh How 

ovS ^Son oftte nnhatehed eggs showed Aat Jie enibryos of 
S were partly developed. No eggs from fertilised females have 
hatched. They shrivel early, but retain their bluish green color. 

In two experiments, eggs of C. oculaia that were completely sub- 
mereed up to nineteen hours, hatched, but eggs f merged m water for 
SrtwcLy-four to forty-eight hours all faded to 

can withstand cob- 
/ siderable rainy 

/ . \\ weathier and sub- 

' ^ y merg^ee for a 

M sbott’ time as a re- 

^ ^ suit of floods, 

^ without injury, 

^ DevelopTfient 0 / 

\ yf emlryo 

\ development 

\ / of embryo 

V ^ y can be observed 

|T jT , readily in Chiys- 

1] fJ ®?gs. The 

embryoli^y has 

Fig. 164. eggs at vaeious stages of 


A, lateral view of egs of Chrysopa oculata after thirty 
hours development, showing how the abdomen extends 
around on the dorsum In the early stages of development, 
B, lateral view of egg of C. nlgricomls after about ninety 
hours defvelo^ent, mowing shortening of abdtunen (a) at 
turoing. C, En of C. nigncomls showing abdomen puahliig 
forward toward the venter, thus completing the turning 


i^iort articles by 
several writers, 
among^ them Pack- 
ard (1871 an^ 



BiO^T Of TES CkEtSOPlDAE 

S 72 ) (1890) » The emb^ological observations made 

1 the studies are not included in this account. 

The cMejt ^^t plMienred iU the embryology whidi has not been 
escribed, it is is ^e turning or partiai^tuniing of the embryo, 

he germ band develops on the venter of the egg, with the area destined 
5 be the end Hie abdomen extending around the posterior pole of 
ae egg osid pajrt way up the side of the dorsum. At thirty hours the 
bdomen can be seen clearly in this position on the basal dorsal part 
f the As development proceeds, the abdomen shortens and is 
rawn up in a, fold at the posterior pole. As the dorsum of the embryo 
ontinues to envdop the yolk mass, the contracted abdomen piishes for- 
rard and com® to lie on the venter of the egg, reaching nearly to the 
ips of the jaws. The dorsum of the embryo has by that time enveloped 
lie yolk mass md lies next to the chorion. This is the position of the 
mbryo at hatchii^. 

The large black Ocellar areas appear very prominent in eggs ready to 
atch, at the anterior end of the egg on each side of the midventral line. 
!here is a lateral indenture of the chorion on each side extending nearly 
be length of the egg. There is a series of three or more somewhat tri- 
Dgular, very dark to black, bars at the sides. The burster can be 
een as a narrow black line between the eyes in the midventral line. 

I There is considerable variation in the length of the period of develop- 
ment within the species. Temperature is undoubtedly the most impor- 
mt factor, as this variation is between different batches of eggs and is 

I y slight in the same group. Eggs 
I in the late fall or early spring were 
nd to be the longest in development, 
s longest and the shortest records of 
bryonie development for a few spe- 
5 studied were: for Chrysopa oculata, 
m 5 to 12 daysj for C. mgricomis, 
m 4 to 7 days; for C, quadripunc- 
from 4 to 6 degrs. 


Baffling 

One can readily ascertain when an 
tg will hatch by distinctness with 
M the egg burner appears. ’ Just 
fore hatching, it is dark or black and 
can scarcely tell whether it is 
rough the chorioit or just beneath it. 




Fig. 155. 


EGGS OF CHBYSOPA 
OCULATA 


A, Ventral view of egg ten 
minutes before hatching, showing 
the egg burster (s) in position. B. 
Dorsum of an egg ready to hatch 
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entire 

Islii^’ a^ head 

k forced through the rent, causing to The 

^ 0 ad of to mbtyo bursts through the ;pS^time oj 

e^Ser, so tot the molt, with to burster, k ^ ij 

^tadi^ to to inside of to'diorion in to midventral 
pprts and the l^ retard em'^ence so that to larva forma a loop oyer 
to egg. fhe mouth parts are slowly witobrawn from to^i^ and 
ton the larva ©merges fully with the exception of to imd of the 
abdomen,. The larva Ihen rests supported by to % Of to^ abdomen 
until to ftHi fin hardens, and in a half hour from the beginning of 
bat^liing it is rea^ to descend from to shell. (Smith, ■ 

The egg hunter in Chrys(^ ocwtota 

The egg burster may be readily studied by picking out to mubryonie 
molt from the lower part of the opening in to egg shell and. mounting 
it in glycerin jelly or balsam. The burster is a tockening and special- 
kation of to chitinous embryonic molt over the anterior mid^dorsa) 
/ region of the head of the embryo. The burster proper 

^ ^y/ is almost transparent and is 0.118 millimeter long and 

0.029 millimeter wide at the lobe. In cross section it 
/ £ would appear VHshaped with the apex outward. Along 

I I the front border is a row of very small teeth Tvhieh 

Y I suggest a saw. The number of teeth varies from 

\ I twenty to thirty and they are irr^xdarly spaced. On 

the upper part is a prominent projection, referred to 
^ as a lohe. Thk lobe may or may not have a short, 

Fig. 158 lE GG BP^ sharp tooth at its apex, but it bears teeth on the under 
side. The bursters of the species studied are all of 
xsAL VIEW this type. 


Ctertflral chardcteHstics 

The larva at hatching is about 2 millimeters long, k ^arsely beset 
with long setae, and k predominately gray m color. The average 
Measurements of five newly hatched larvae of Ckrysopa deulaia were as 


follows: 

Total length of larva. mfilimeters 

Lei^th of head. .0.54 millimeter 

Length of mandibles .0.84 millimeter 

Width of head........... millimeter 

Width of body at metathorax............. ..0.38 millimeter 

Length of longest setae on body......,........,..0.47 miHimeter 



TEffi Chbysopidab 

One n^r of all species in an easier and 

[uicker 'Kie lateral tubercnles on prothorax 

nd setae each in this instar. The meso- and meta' 

horacic tIpA large wtae each. But in no case are there 

rom five & the other instars. C. oculata and its varieties, 

ind 0. cfefiB^As variety, have on the dorsum of the head a large black 
pot covering ihost of this area and broadening out to the bases of the 
aiteimae. spot persists in the second instar, hut in the third it 
ireaks up int^ spots. A few specimens show even in the first 
nstar the future lines of separation, so that they may at times appear 
lightly disconnected. This large spot on the head, therefore, taken in 
(oimection with the size, will often indicate the instar at a glance. The 
tead spots ol Ihe first-instar larvae of the other species studied are the 

K i in the second and third instars, and therefore the lateral setae 
the more reliahle index. 

The color of the body changes gradually, so that at the end of the first 
jgtar the larva has, more or less distinctly, seeond-instar coloration, 
arvae that have when mature a dark metathoracie region, begin to 
LOW this coloration about midway in the first instar. Abdominal color- 
ion appears also at this time. Bnt in all larvae the anterior part of 
le abdomen, regardless of future colors, appears smoky to black. This 
irkening is due to the food in the mid-intestine and appears with the 
rst meal Tn newly hatched larvae the green yolk can be seen in the 
id-intestine at the posterior part of the thorax and the anterior part 
; the abdomen. 

The legs, the jaws, and the antennae are nearly hyaline at hatching, 
ery soon the tips, of the jaws become amber-colored, indicating chitini- 
ition. The legs and the antennae also darken slightly. 

The lateral and dorsal setae serve both as a protection and as sense 
^ans. When one of these setae is touched, the larva bends away from 
le object. If touched again the larva moves still farther away, or 
^omes frightened and runs away. The body of the larva can scarcely 
& touched without the larva being apprised of the approach through 
ese radiating sefc^e. The dorsal setae serve to protect the dorsum, 
bile the lateral OByes protect the sides. The strong jaws are in front, 
id the abdomen epL be retracted in part, so that the larva has a fair, 
sgree of security fiom its enemies. 

Descent from the egg 

The larva, after ifesting on the egg shell for from fifteen minutes to 
peral hours, begi^ to walk around over the shell, at times reaching 
)ward and outw^d in an effort to locate something near at hand by 



It becomes more Hispovers the ese stiJk. If the fee perpen- 

r W h<daagm by\ 

the stalk b^Ae claws. Sometimes deSmte .steps an 
^ and graspmg tte f^ils to hold and then it catcle 

K less-freouent. If the stalk be leaning _or hormntal, Ae lam 
Sriis Zund on it and walks to the suporting snrf^ n^lde dow 
first It ffrasps the stalk as a sloth grasps the limb of a tree, 
and head hrst. it jr^P« ^ g surest that the 

i.“ tS w”* (1898).l.«*o«, >»■ *« 
Sstj" a.« toppiw i™ Ih. « a »«t tt* I* 

ts iisnallv hunerv by the time it eomes down from the egg, 
K7Hta?elv“t%™^^ for food. If none is proyided, it : 

to a^ra day, or at most two. days, after hatehmg. 
<?inaU anhids such as cabbage aphids, are best suited for feeing newly 
Stte "1- eSs, such as those of aphids and of the com 
ear worm moth, have also been used in rearmgs. . 

Tf a leaf Imvtoff on it a group of eggs ready to hatch is left in a nal, 
the eantoS^habits of the larvae wiU be demon^raM.. In tk 
s^e tetch of eggs, those first deposited or those developing «t 
rapidly will hatch first. If the larvae are untoturbed and are not fed, 
Zr^ attack the nnhatched eggs and then one another In on 
tosLiee forty-one eggs were aUowed to hatch. 

was but one Uve larva, the others having been killed by it or by it< 
companions. 

Moltinff 

All chrysopid larvae have been observed to molt three times, the tot ^ 
molt oecnrrtog within the cocoon. This does not include the emhryomi 

molt, which occurs at hatching. 

The first molt takes place from two to seven days after 
The second molt usually occurs at a somewhat shorter interval, tro 
two to five days. The third instar may be very prolonged, bpmiw 
usually takes place from four to ten days after the se^nd molt, i" 
final larval molt within the ease occurs from five to fifteen days « 
qiinning, or, to the case of wintering forms, from four to eight mom» 
aher spinning. 



In the appearance of the chitin at the time of the 

molting 11? and glassy. On closer study^ the stout setae so 

jharacteri^ of ^ond-instar larvae can be seen regularly folded across 
the body the old first-instar cuticula. The setae of the pro- 

thoracie tubercles are folded ventrad and caudad. They fold, there- 
fore aroupd the body, and come together on the midventral line. 
V^ere it obieuis> this prominent black line on the venter is one of the best 
indices of early molting. The setae of the other thoracic and the abdom- 
inal tubercles are folded across the dorsum. They are dark to hlaek, 
stud become fairly distinct just before molting. The old setae appear 
wholly black and somewhat shriveled. The ends of many are bent 
downward or br(^en. Most of them appear to be more or less withered. 
Jhe coloration of the second instar can also be seen, but instead of 
Appearing sharp and brilliant, the colors are dull and indistinct. 

Just prior to molting, the larva takes no food. Some time before 
nolting, it generally engorges with food ; but just prior to the process, 
tphids may walk over the larva without being attacked. The larva 
ilso experiences some difficulty in walking at this time, it appears 
hat the pulvilli do not adhere well to the substratum ; their hold slips, 
md apparently the anal secretion is too copious and this also retards 
hem. In all species the head capsule is somewhat distorted, especially 
;)osteriorly. 

As a typical case the molting of a first-instar larva of G, oculatay as 
)bserved under the highest-power binocular, is here described. This 
[arva was observed to be ready to molt, and with a camel’s-hair brush it 
was removed to a slide. Soon there was noted a drop of a gelatinous 
^al secretion, which held the tail to the slide. The larva began to 
Iwist and pull. The legs appeared to be practically useless. The seg- 
ments of the tail began to contract as units, in regular order, beginning 
^ith the last and going forward about every seven seconds. This con- 
unued for four and one-half minutes. The end of the abdomen was then 
|een to free itself of the molt, which was shown by a shift forward. The 
pontractions continued, and in a half minute the cuticula was free over 
the thorax, ^and the abdomen also. It must next be forced open. The 
lody was pulled f(Hrward by a series of wavelike contractions, comparable 
^ those seen in the hatching embryo and the molting pupa. With eawh 
orward pull ther# w®s left a little more clear space in the tail region, 
nd the thorax b^toe more distended. The old cuticula during this 
Toeess rem^ed ^eurely cemented to the slide by the end of the abdo- 
len, this coirstitu^ng the fixed point on which the larva pulled. After 
hree or four rapidly repeated shifts, a split began on the mid-dorsal 



Oie porterior part oS the protho^ 
afte® the abdomen was cemmited to the sMdo. 
rabidly, both anteriorly and posteriorly. At the sa^ thorax 

began to mrch, the head was bent yentrad, and the abdoD^c W^ puUed 
forward. In two minutes more the mouth parts were very carefully and 
dowly withdrawn. The head was lifted slowly with the arehing of the 
thorax, and during this process the legs were being withdrawn also. 
The trWeal chitinons intima was drawn out through the piracies as 
hollow threads. The jaws and the antennae freed, the legs were pulled 
entirely out, the metathoracic legs being the last to appear. By this 
time the abdomen was practicaUy out of the skin. The whole process to 
this stage required eight and a half minutes. As the old skin moved 
backward, the setae, folded across or around the body, thus freed, sprang 


into their normal positions. 

The newly molted larva is very helpless, similar to its condition at 
hatching. The legs cannot be used. The head is bent ventrad and 
caudad. The larva holds fast to the molted skin by means^ of the anal 
proleg, which constitutes its only support while the new chitin is hard- 
ening. The legs are pulled up and then extended occasionally, and the 
head is slowly lifted to a horizontal position. The larva ^der observa- 
tion rested on its legs and the head was in the normal position in twelve 
minutes from the beginning of the molt. 

The old larval skin remained attached to the slide, thc^ bhd of the tail 
being flattened and glued fast. There was a rent in the cast skin from 
the mesothorax to the head; in fact, only the venter of the thorax 
remained intact. The legs were pulled up and were wholly under the 
venter, except the last pair, which protruded sightly, black pateh 
on the head was retained. It is generally possible to name the species 
of the larva and the instar from the old larval skhiL fiowever, the 
color pattern is not well retained. In rearings, the molted skins were 
usually f ofund in the vials adhering to the glass or to the cotton plugs. 

The coloration of the body is that which is characteristic of the instar. 
The color pattern is distinct, of the greatest intensity during the instar. 
The grays at this time appear white to semi-translucent* and often 
yellowish. The color pattern on the head is represented at molting, as 
at hatching, by an indistinct brownish patch. After an hour the out- 
lie of the hlai patch is distinct, but from two to four hours must pass 
before the normd head and body coloration is complete. The mouth 
parts, palpi, antennae, and legs are from wholly hyaline to translucent 
The tips of the jaws become yellowish brown in au hour. The darkening 
of the leg segments appears slowly also. 



O^Tsco^AB 

Food up to forty-five minutes after emergence 

vas reiwlSfe®^^ of ojic and one-half hours the larva attached 

a lai^e wn accord and exhausted the fluids. v 

jjater swifts - 

About four days after the first molt, another molt occurs. The second 
molt is effe^^ exactly like the first. 

The final cannot he observed through the cocoon, but one can 
readily tell t?hen the larva has pupated by the dark disk at the bottom of 
the cocoon. If a cocoon showing this disk be opened, it will be seen that 
the di^ is the last larval skin which is pushed off the abdomen and 
rests at the bottom of the case. This molt may be observed if the larva 
[fails to qjin ni cocoon, which can be brought about by disturbing it 
while it is spinning. It generally refuses to spin further if disturbed, 
[and coils up in pie bottom of the vial and pupates (Plate LXXXVII, 16). 
!he old larval ^kin splits over the thorax, and by the raising and lower- 
Qg of the head tiie skin is slowly moved back (Plate LXXXVII, 5). 
^rther movmnents up and down on the thorax and the abdomen cause 
he skin to slip over the abdomen, and it finally rests near the end of the 
bdomen at tfie bottom of the cocoon. 

The trash carriers present complications in the molting process in that 
hey carry packets of debris on their backs. In the few cases observed, 
he packet was cast off at the molting time and was reformed pf fresh 
aaterials. If there were no fresh materials provided, the old packet was 
eappropriated. Lefroy (Lefroy and Hewlett, 1909) described a simi- 
ar form in India which carried such a packet, and stated that the packet 
7QS shed with each molt and was reformed from new materials. 

Morphology 

A number of very interesting features are iUustrated by the mor- 
phology of the larva. The original somewhat detailed account must be 
imitted for the sake of brevity, and only a few features are here included. 

Per^ps the mc^ striking specialization in the family is the pro- 
ongation of the maxillae and the mandibles to form sucking tubes. 
These are h^ tofether by a flange which fits into a groove, and the 
iffiall canal betwi^n them serves to convey their liquid food to the 
)harynx. Tim tame mouth is mechanically closed, but may be opened 
>y probing TOtax 0 dissecting needle. It is somewhat reduced in size. 

In the thorax ^d the abdomen, each segment is made up of two 
)arts, or subsegn^ts, which are in most cases quite apparent. The 
interior subs^mefit is very much smaller than the posterior one. The 




CBBTSOPA OOULATA AKB C. BTIGBICOBNIS 


1, Side view of a third-instar larva of C^rraopa ocplata (A, 
antennae; J. Jaws; Lp. labial palpi; O, ocellar deld; 81. first subseg- 
ment. S2, second sulwegment. of prouiorax; It. lateral tubercle; Ps. 
mesothoraclc Bplrade; dp, dorsal papilla; dt. dorsal tubercle; vp, 
ventral papilla) 

2, Ventral ^ew of same larva (LT, lateral tubercle; Vp, vential 
papina) 

2. ISrsus and pulviUus of third-lnstar larva of C. oculata <A, 
arolium; P, plantifia; C, daw; T, tarsus) 

4. Dorsal view of larva shown In 1 and 2 (Pd. nrotb<Mracic depression, 
Md, mesothoraclc depression, 3d. metathoradc depression, all isrobably 
apodeme invaginations; Db, dor^ blood ressel; A, antennal sderlte: 
P, front; S, spiracle) 

6, Eternal u^ieanuice of cuticula of a mature larva. * under high 
maffolfioation (C spinules) 

6. VttBtral view of he^ of third-lnstar larva of C. pculata (A, 
antenna: Md, mandible; Ml, maxiUa; DP. labial palpua: M. mouth 
opened dt dtssectlon: Ii. labium; o, oceUar field: 1. prbbamT ^poe of 
J. nw^ of maxfila) - Vv ■ 

a»fi ■ ( b ) of C. nigricondv;^ stmwtnir verjE 
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first ^ been generally mistaken for a subsegment of 

the inetath<§# ;ffl^®re are without doubt ten abdominal segments in 
all the Pte last two segments are somewhat tubular and are 

retractile, oaf;0eB%k. 

! The dorsal blood vessel is very distinct in all species seen. It extends 
Uong the mid-dorsal line from the prothorax to the seventh or the 
Eighth abdonanal segmmit. The vessel is usually black to grayish, or 
^ven amber-colored. Pulsations can be readily seen in the middle 
bart. 

f The pulvUlus presents another modification. This is a trumpet-like 
trueture, resembling the so-called * * sucker ’ * seen in many of the sarcoptie 
lites. The larva uses these pulvilli in walking on glass or other smooth 
urfaces, in which case the pulvilli are bent or twisted as if they were 
(f rubber. It is usually stated that they adhere by suction, but the 
bsenee of strong musculature and the irregular border of the arolium 
ippear to be against this view. Furthermore, no trace of any secretion 
lould be seen by repeated observations with magnifications of all powers 
ncluding an oil-immersion lens. Dewitz (1884 b) held the view that 
here was a secretion. 

The species differ but little in morphology of the larva. The first 
legment of the abdomen in Chrysopa nigricornis has definite RTnan 
ateral tubercles, white in other species thus far seen the lateral tubercles 
ire very hiueh smaller or are lacking in this first abdominal segment. 
Phe other lateral tubercles differ in size in the various species. In 
1 mfildbm they are very small, in C, plorabunda they are of medium 
Me, in C, oculata they are large. The stalks are short in 0. rufilahris, 
nedium in the oculata group, and very long and slender in the trash 
larriers (C. Ivneaticornis and others). The trash carriers have also a 
inch shorter and somewhat humped abdomen in comparison with the 
fCMlata type. Th^ modification of the abdominal setae and tubercles 
its the larva admmably for carrying its packet. In C. cockerelli there 
ire from one to three rows of microscopic hooked setae on each abdom- 
oal segment to the seventh, which assist in holding the packet in position; 

There is a diff entice in the color of the setae from the lateral tuber- 
les. They alF^Joriess in 0. plorabunda and G. quadripunctata ; in 
rngfricornw aU |re colorless except the two large central ones, which 
re black ; in €f. o^lata and 0. cM, all have black bases and the greater 
lumber are black throughout. 0. rufUabris has short, colorless setae, 
® in C, fhe setae are perhaps as long ^ in any specie seen, 



BaMto 


-*t* k not always easy to find ebrysopid larvae. TIie''^W& species 
o2L to toT7wri*flned habitats, and the tame , i^y rest 
SdS to er^viees of bark, on twigs, on flow eius^ to a rolled 
S But the somewhat clear body contents of the y<^ larvae 
blend with the translucent leaves and m^e the l^ae difSetoU^ be seea 
they rest on a dead patch m a le^or in curled-up dried 
tStap^omtoattog reddish color renders them almost indis- 

favorable ptace to search for larvae of Chrysopa oeulata 
is on herbage where aphids or young scales mre abundant.^ -But eves 
herTthe lame are rardy found to numbers. Thirty small larvae of 
to SD^es were placed on a large stalk of tamb’s-qua^rs which was 
infested mth the black aphids so frequently foimd on them. 
The nit day a search of five minutes was necessaiy before the first larva 
was found. Only .three or four were found on the plant, but as many 
more were found on plants near it. 

The species frequenting herbaceous plants and shrubs ®**e_Y* 
with aU its varieties (including the two nominal speeiBS^ciUoropham 
and dbicomis), C. rufilahris, C. plorabunda, G, cM and ite variety 
W<m, and C. inierrupia. On trees such as the m^les that are com- 
mohly planted for shade, the chestnut, and the elm 0. mgncornis C, 
ruHlabris, and C. qttadripunctata are most commonly taken. C. har- 
riki wB& taken on pine and oak, and Allochrysa v^rginica and C. line- 
aticornis on oak. 


Tfoslfrcarrying larvae . 


The trash-carrying larvae of Chrysopa Uneaticomis have beei 
found on linden trees (on both trunk and leaves), on small oak and 
hickory saplings, on honeysuckle, and on underbrush in general, itej 
prefer a well-shaded locality. Both C. HmacdaH onA C* UUerahs wen 
sent to lie writer, by state nursery inspectors, from Florida, when 
they are said to be abundant on citrus trees. C. cockerelli larvae ven 
found on the trunks (rf maple, linden, and apple trees. 

The trash carriers build over the abdomen a hollow hemispherica 
packet.* A dors^ view of one of these larvae in most caws reveals n 
larva at all, but merely a little clump of cottony materia^ for, when 
larva is quiet, the head, the tail, and the legs are drawn in and th^ tn 
larva is larg^y concealed. But when it b^ins to move, the head am 


*Th« wort packet la aaed here because, first, there are mmy bi 

brbu^%togfith^, and seeoudly, tJie mass is on the btu^ by socident 

is cQiu#acbrt ^ the larva, it is lltes'ally a UtQe tank of dteorts. : 
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It the prothorax protrude anteriorly pog. 

&ioriy (fig. 162, page 1366). The larva walte packet 

' sways from side to side rather unsteadily. 

On removal of the packet it will be observed Aatthe larm possesses 
striking specializations for carrying it. The poster part k fastened 
to both the lateral and the dors^ abdominal setae. Bows of minute 
setae with recurved tips were discovered on the dorsum of the larvae 
of C, cockerelli, and a later study of preserved material of other 
trash carriers revealed their presence on these also. In 0. eocherelli 
they are more prominent than in the other species, being arranged 
in from one to three rows across the body from the metathOrax to the 
seventh abdominal segment inclusive. There are as many as thirty of 
these setae in the longer rows. They are weU suited to holding the 
packet materials securely on the abdomen. The anterior half of the 
pa^et is free, but rests on the up -curved, fan-shaped setae of the 
thoracic tubercles. In addition to the proper support bring thus 
^ given, the free anterior part permits the larva to stretch out in walking 
or running. The tail, being foee, is extended and so the larva is unham- 
pered in getting about. The abdominal setae are fairly long and the 
knobs are small. While the abdomen is unusually wide, the segments 
are narrow, so that the abdomen is shorter and more arched than in 
other larvae. 

The building of the packet is most interesting. The performance 
may be observed by taking the packet from a larva in a vial, and 
putting it back into the vial by bits. The larva, with its packet removed, 
runs around rapidly in evident search of something. With its palpi, 
antennae, and jaws it seeks from side to side and in every crevice. If a 
fairly large piece of the packet be dropped into the vial, the larva, 
touching it, very quickly crawls under it. As soon as the debris is on 
its back, it is worked backward by the combined efforts of the jaws and a 
shifting of the abdomen. The head can be bent nearly straight back- 
ward when the front pair of legs is lifted, md ean be turned to each 
side for a considerable distance. As soon as the large piece of debris is 
in place, the larva shifts it from side to side and f rohi the front. A bit 
of the debris is pulled out and poked back into the pack again. In this 
way, the material is made more or less solid and the parts are woven into 
one another to form a firm packet. If more of the debris is added at 
intervals, it is grasped by the larva's jaws and placed on the anterior 
border of the packet. It is then worked in and puriied backward, and 
the straggling ends are picked up and pushed into the packet. Along 
with the work of the jaws, the abdomen, in a series of wavelike contrac- 
tions, shifts the packet posteriorly. 



Very some reason, catch and hold debris of 

lis Wiese setae are more or less viscidL The lai«e 

^ at tl^ seta has been described as glandular by Lurie 

1898), forthem^ that the setae possess a lumen to the tip. 

hese long uceur on ail larvae, even on species not normally carry- 
ig a packet The dorsal setae are the chief shifting agency. If the 
jdomen be horizontal and a bit of debris be on the seta, when the 
jdomen is bowed downward in this r^ion the posterior setae are 
rought to the padket and will very likely catch into the packet, so that 
hen the ^domen is straightened out the debris will be carried back 
ith the posteHor setae. This process takes place in a kind of wavelike 
lifting, and the packet is actually carried badt as far as there are 
arsal setae. 

After the larva has its packet restored, it remains quiet on a leaf or 
twig. 

On tearing a packet apart, one finds that it is constructed from 
its of debra or sma^ particles of plant tissue which the larva can 
jadily find in ite habitat. Insect skins, bits of spiders^ webs, egg sacs, 
le bodies of spiders mites, bits of wood and bark, lichens, coceid 
mies and bodies, and insect parts — especially legs, heads, wings (partic- 
larly elytra), and antennae — constituted the usual materials of the 
ackets seen. This mass is held together, it appears, by plant fibers, by the 
% or cottony secretions of aphids, and by the silk of spiders. The 
Titer found a large amount of such cottony materials accessible to the 
irvae. Lurie (1898) stated that the packets are bound together ,by 
ilk spun by the larva. The packets of a few larvae were removed and 
iien returned to the larvae in small pieces. Each larva placed a part of 
tie debris on its back, and gathered up the loose ends and thrust them 
ato the part on its b^k but did not spin any silk to hold the mass 
Dgether. The packet is characteristic of all instars, as is true of the 
lustraUan species j while sUk spinning, in all the larvae observed, is 
onfined to the lai^ part of the third instar. 

There are, in literature, statements to the effect that most, if not 
11, chrysopid larvae put the skins of their victims on their hacks as a 
leasure of concealment. The trash carriers are the only ones seen that 
lave this as a w^-defined habit. Larvae of Chrysopa quadripuncfaia 
iteu carry considerable debris and may appear at times to have this 
abit, but there never a well-defined packet present. Larvae of the 
ctttefa group ha'^^ frequently been seen with a few aphid skins, or even 
number of them^adhering to the setae (Plate LXXXVI,*3). This is to 
« regarded as accldentai, however, or at least as incidental to the larvae's 
mng where there, were aphid skms or cottony material, taken with the 
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In aU speeies the food of all stages is ^mtially th«;_^e. Very 
■rrmL lame show a preference for eggs and, small aphids or yoBng 
S KS^l attack also the larger aphids Pn^hrmore. ij 
Sortiity presents itseU, the larvae will attack wid M of their 

^ S These cannibalistic tendencies, al^y not^ m ^ case oi 
v^gUrvae, continue throughout the entire la^al pmod, f^e wnte, 
ha^ever observed a lam attack a cocoon and succeed in^piercmg ,t 
Prepupae and pupae in cocoons appear to be secuM from th^ attack 
E larvae can thus appropriate their ow tod in to manaer, 
their main food consists of small, soft-bodied in^te and related forms, 
Aphids constitute the most important food of all sp^i^ tos far seer. 
The larvae of Chrysopa oculata ate every kind of aphid to to® 
H the main, however, aphids from cabbage, cauliflower, radish, turnip^ 
smraea, buckthorn, dogwood, maple, chestnut, apple, carnation, ehrjw 
lily, rose, aster, goldenrod, lamb s-quarter^ and nasturt™^ 
were used. All were readily eaten by the larvae, , Nob all ^ equally 
suitable and desirable, however. The m^t desirable, W^pomts d 
view, are the aphids from cabbage, cauliflower (Plate LXXX^ 3), anil 
hadish (probably all aphids of the same species), and those from rose 
Chrysopid lame, as well as the adults, attack winged^ aphids just * 
resdiiy as they do wireless ones. Where winged forms have been giva 

ttiem alone, they have thrived just as well. " _ 

It has been observed frequently that larvae suck up drops of pto 
juice, and even insert or attempt to insert their jaWn into soft plan 
tis^e. Wiliiout doubt larvae can derive some sustwianee directly iroD 
succulent plant tissue. -i, 

In addition to eating aU kinds of aphwfe and aphid eg^ tue iam 
readily attack seide insects. Young scales that have not lormea m 

hard covering are especiaUy suitable for food for x^ryW^id larvae. 

old scales are given to them, they raise the sc^es or piem them on m 
fflde and sude out to juices. Tower (1915} tells of a Ghrysopa Ian 



epidermis of a leaf and rea<^ed # 
eaf (1868) wrote of a larva which attacked a- 

•urcuUi^i^pft^® ® Mlore common are their attacks <m mnidl 

iaterpilfe^iSi^- ^ young or small spiders. Caterpillars -larger 
ban ward off the attacks of the larvae by turning 

be as soon as touched. Mealy bugs 

Hid «ateij. Small spiders, especially recently hatched 

mes, are food for young larvae. Marlatt (1895) wrote of 
ittacks of ae'larvae on the pear psylla. Both adults and nymphs of 
psyllidae arc readily eaten. Experiments were conducted chiefly with 
be psyllid :^cei^ on English ash. A larva of Chrysopa chi fed for 
lome time on a much weakened dolichopodid fly. 

Chrysopid larvae are not omnivorous. Not all heavily chitinized 
insects can be pierced by the jaws, and very active insects can be caught 
;>nly with difficulty- Active larvae, as, for example, fly maggots, 
frighten away the chrysopid larvae. Coccinellid, chrysomelid, and 
lyrphid larvae, all of Which occur in association with chrysopid larvae, 
jire not commonly used for food except perhaps when just hatched. 

In the way 6f artificial foods, beef tea and a weak sugar solution were 
sed, A cotton plug or a piece of absorbent cotton was dipped into the 
quid, and the larvae came to the cotton and sucked up the drops. They 
id on both these liquids, hut whether they could be reared on them was 
ot determined. Both cane-sugar and maple-sugar solutions served 
iccessfuUy for food. The larvae sucked up drops of water also when 
; was provided. 

arval feedinff 

The rapidity of feeding, as well as the search for aphids, is some- 
rbat dependent upon how hungry the larva is. When it is very hungry 
ut not weakened, its movements are very agitated and it may even walk 
ver a few aphids without observing them. 

^ After the larya has impaled an aphid, feeding proceeds as follows: 
ie chief movenients, as seen from the dorsal side, are the slidir^ back 
bd forth of the maxillae in the grooves of the mandibles. This is a 
legular forward-and-baekward movement. If both jaws are inserted in 
be aphid, the two maxillae move together, pulling the lahral region 
hckward and forward with it. The aphid is readily turned over and 
per by speariu^it on one jaw, then turning it with the other, and so on, 
biekly seesawing it back and forth until it is thoroughly exhausted. At 
pe end of the ^feeding process, the aphid is turned over and over, 
Bueezed out, ai^ finally speared on one jaw. This jaw is moved far 
pward and thffnphid is pushed off the jaw by the tip of the other jaw. 
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Ac the antennae are held almost erect Md the 

^ the 1?^^ ^ fpp^ard of straight downward. Undoubt- 

o?^ are the least likely to eome in eon- 
^t^th^rertroggling aphid! such contact would either ^ord some 
ttKhidi ita feeble efforts to get away, or impede the 

^T^aphidTs nearly always elevated more or lep. This is imdouht 
1 he apniQ is n ^ gtruffffling aphid into the air and make its move- 

•! ™» ■>»-» «■' 

narts of the larva, as is sometimes stated. * . • 

In ^rTyoung larvae, one can see alternate pharyngeal contractiom 
T.^ .vn^sions Lar the middle of the head during feeding. This can he 
Mwly hatched larvae of Chrysopa quadnpw^tata. Par 
thermore if these young larvae are given a small red aphid, a spurt of 
«Se may bVseen flowing into the pharyM with each b^l^ard pul 
^ tCSae The stream of juices flowing up the tubular mouft 
nartsmTte observed also in grown larvae. At the beginning of he 
feeding there is generally an uninterrupted stream up each 
but S!he aphid nears exhaustion, the streams arc broken by air bubbles 
SO that thei^rate of travel up the tubes may be readily observed. When 
tL maxiUac are pulled back, these bubbles fly up the tubes very rap- 
idly At the end of the feeding, only an occasional drop is o'Jtamcd. 

No evidence of the injection of any fluids into the body of the aphid 
has bLn observed. The maxiUary movement may serve in part o 
a^ist rbre^ing down internal tissues, as these tissues are completely 
disintegrated, leaving little more than the ehitinous parts to be cast 

“on the ventral side of the head there is more movement visible 
than on the dorsal. The entire venter of the head, the labium, and the 
UbTal palpi, mZ back and forth with the maxillae This inovemenU 
most evident in the region of the bases of the labial palpi. ^ 

mandible is insetted, the movement is confined to that side of the venter 
The rapidity with which the larva can shift ^e sucking . 

to the other is striking. First it sucks with one yaw, then with the 
other and then with both, more quickly than can be timed. 

The muscular action which enables the larva to * 

be understood by a study of cross sections (Plate f ^ 

1898). There is a prominent muscle extending ^^’^m t^e floor of t 
iUa to its upper wall, being attached just beneath the d^pre^ 
forms the lower part of the sucking tube. This strong muse e is pie "t 
in all sections from the bases of the maxillae to very near the Ups. Ue 
is another prominent muscle from the tubular eonnection of the yawsi 



J^ws bcyoiid head (Mh, mandible’; Mx, maxilla; F, chltinous 
golfing jaws together) 

7 order named sections of left jaw at Intervals toward tip 

view of left maxina of a mature larva (S, sensory papillae; It, internal 

8 depression; P. flange) 

G f A mandible. In life this fits above maxilla shown in no. 

9 semi-tube; B. apical teeth; It, internal teeth) 

I ws of a hemerobiid larva, shown for comparison 
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the floor of the pharynx. But the most striking musculature is about the 
pharynx. There is a series of muscles from the pharynx to the dor.^um 
and the venter of the head, as 'well as to the arms of the tentoriuiu. 
When these pharyngeal muscles are contracted, the lumen of the 
pharynx is increased and the juices are sucked up by a typical sucking 
action. But the mhscles in the maxillae also contract and assist the 
pharyngeal muscles in their work. The opening at the tip of each jaw 
is single, and is formed by a curvature in both and not in the maxilla 
alone. The mandibles are sharp at their tips and constitute the piercing 
agency. 

The number of aphids that a larva may eat at one feeding depends, 
of course, on when it was last fed, on the size of the aphids, and on the 
sixe of the larva. A hungry third-instar larva will eat ten cabbage 
aphids in rapid succession. From ten to twenty larger aphids usually 
suffice for a day's supply, though more were usually given. 

From hatching to pupation, a larva may devour from ninety to two 
hundred and fifty aphids, depending on their size. The following table 
is an accurate count of the number of aphids consumed by three larvae 
of 0. oculata, by instars, from hatching to spinning : 



Date 

hatched 

Date of 
first molt! 

Date of 
second molt 

Date of 
s’Mnning 

Total number 
of aphids eaten 

Larva No. 1 

; June 1 ! 

June 7 

June 13 

June 18 


Number of aphids 



48 


154 

eaten, bv instars 


88 

68 

Larva No. 2 

June 1 

June 7 

June 13 

June 22 


Number of aphids 



68 

99 

202 

eaten, by instars 


35 

Larva No. 3 

June 1 

June 7 

June 14 

June 19 


Number of aphids 




50 

156 

eaten, by instars 


46 

60 

Average number of aohids eaten by each larva 


171 


Buckthorn and spiraea aphids were used in this test, and a special effort 
was made to get aphids of uniform size. At another time a more exteii' 
sive count was made, using 22 larvae and rearing them through to spin- 
ning. In this ease 3086 aphids were required, or an average of 138 to 
each larva. The rather large black aphids on lamb 's-quarters ( Chenopo- 
dium athum) were used for this test. 

Anal proleg of larva 

The anal proleg, or tail, is used to excellent advantage by the larva 
throughout its whole life. It is always used in locomotion except when 
the larva is running very fast. Then it is either merely lifted from the 
surface or extended horizontally. In the former case, the abdomen is 
curved and the end is held just above the surface on which the larva is 
running. This condition prevails when there is a possibility of the 
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irva's faUing, as in climbing up on the side of a jar or a plant. It is 
lie safety agency in the larva’s descent along the stalk after hatching, 
nd it is the larva’s main dependence for surety in climbing up and 
oven plants, twigs, gta, and the like. It is used also to brace the body 
rhen the larva is handling a struggling aphid. 

Kefcrence has been made to a disklike ending of the abdomen. This 
isk is applied to the supporting surface, and a sticky or gelatinous sub- 
tance is exuded which enables it to hold fast. At first observation it 
lay appear that the larva holds fast by suction, as stated by Fitch 
1855). If a larva be allowed to walk over a fresh, green, smooth leaf, 
nd the highest-power binocular objective be directed upon the tail and 
fie spots covered by it, the little disks of viscous fluid, more or less com- 
lete, can be seen on the leaf. It can also be readily seen that the end of 
lie abdomen is immersed in a drop of this clear liquid. 

Larval excrement 

There is no voidance of larval excrement. It has been known for a 
Dug time that the mid-intestine is closed behind (Lurie, 1898, and Mc- 
lunnough, 1909), and the excrement is stored up in a bean-shaped mass 
hroughout the life of the larva. The darkened appearance of the 
nterior part of the abdomen is generally due to this black mass within, 
t is rather surprising that the mass from the entire larval life is so 
mall, but the explanation lies in the fact that the food is liquid and the 
jnoimt of residue is small. 

Classification of lat'vae 

The first basis for classification of the larvae is the marks on the 
lead. These serve to class the larvae into groups which for the most 
lart appear to be most closely related as adults. After the head marks, 
he general coloration of the body is used. The color of the metathorax 
varies iu the different species. The color of the margins of the thorax 
ind the abdomen are often specific. The first abdominal tubercles differ 
bghtly as to their degree of development. The following key is for 
hird-instar larvae : 

Two prominent, black, elongate spots on dorsum of head. 

B. Spots extending longitudinally, converging posteriorly, 

C. Jaws amber-colored; legs with smoky or darker patches on femora, 
but not predominantly dark, 

D. Body of larva brick red or darker above; without a wide gray 
border on each side of dorsal vessel; yellowish border each 
side of abdomen; thorax with a prominent yellowish spot 
around base of each lateral tubercle C. rufilabi'is Bunn. 
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DD. Body of larva a more faded, red or flesh-colored; a rather large 
and prominent area of ^ay on each side of dorsal ve.5sel, 
leaving a rather narrow dorso-median color area; lateral 

tubercles of medium size and entirely yellowish or gray 

1 C. plorahUTida Pitch 

CC Jaws and legs predominantly smoky to black; lateral tubercles 
small, yellowish; abdominal tubercles 2 to 4 inclusive marked with 

reddish... harrisii Fitch 

BB Spots transverse; anterior one connecting the two Jaws, posterior one 
the two antennae. Larva a trash carrier. Thoracic tubercles much 
elongated, setae curving upward ; abdomen shortened, and bearing a 

hemispherical packet of debris capable of concealing the larva 

C. himaculata McClend. 

AA. More than two prominent spots on dorsum of head. 

B. Three separate triangular spots on dorsum of head. 

C. Metathoracic lateral tubercles reddish, brownish, conspicuously 
darkened, or black. 

D. First abdominal segment, having at each side a small tubercle 
which bears short white setae; second pair of abdominal 
tubercles gray, often with a trace of bright red; bright red 
spots on each side of dorsal blood vessel in gray borders of 

same..... <7- nigricornis Burm. 

DD. First abdominal segment without well-developed tubercles al 
each side; all abdominal tubercles gray, making a gray bor- 
der on each side; dorsum of abdomen dark brown or brown- 
ish black C. cM Pitch 

CC. Metathoracic tubercles gray or yellowish, in some cases with a small 
band of reddish above but never conspicuously dark; first abdom- 
inal segment without definite lateral tubercles; second pair of ab- 
dominal tubercles conspicuously darkened or entirely reddish 
brown; other abdominal tubercles with slender spot of reddish 

brown above C. oculata Say 

BB. Four elongate prominent black or reddish black spots on dorsum of 
head, arranged in two pairs of similar spots; often a su^estion of a 
third pair by the doubling anterior of outer pair toward the eyes. 

C. Abdomen conspicuously short, broad, and somewhat arched, about 
as long as head and thorax combined; lateral thoracic tubercles 
unusually long and slender. Larvae trash carriers, normally carry- 
ing a hemispherical packet of debris. 

D. Inner pair of dorsal head spots stopping near middle of head. 

E. Mid-western species; inner pair of head spots conflueat 
behind; area between these spots entirely dark except for 

narrow grayish area; legs dark; no brown on thorax 

C. cockerelli Banks 

EE. Eastern species; inner pair of head spots not confiuent 
behind, a distinct grayish triangular area between them; 

thorax generally with light brownish areas dorsally 

C. lineaticornis Fitcn 

DD. Inner pair of dorsal head spots extending dtetinctly beyond 
middle of head; smoky to black posterior and outer spots; 
southeastern species C. lateralis Guer. 
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oc. Abdomen of tbe usual type, longer than head and thorax, tapering 
gradually and regularly posteriorly. Larvae never with well-de- 
fined packet of debris, but occasionally with some cottony materials 
adhering to dorsal setaec 

D. Head marks in two pairs, curving outward anteriorly; inner 
pair V-shaped but not confluent at base; outer pair extending 
from base of antennae In a sharp inward curve to prothorax; 

body gray, but marked with brown spots 

■ G. quadripunctata Burm. 

DD. Head marks in two pairs but extending straight forward, the 
two pairs parallei to each other; outer spots twice as large 
and broad as inner ones; body mainly gray, with prominent 
black saddle-shaped area on thorax Chrysopa sp. 


The prepupa 

After a third-instar larva has reached maturity, it usually seeks a 
more or less protected place and spins a cocoon of white silk in which it 
transforms to a pupa. One cannot always tell by the appearance of a 
larva whether or not it will spin soon. Usually just before spinning, 
the larva engorges itself by devouring a larger number of aphids than 
usual and then becomes sluggish. It grows rather broad and usually 
appears to be somewhat flattened (Plates LXXXII and LXXXVI). 
The term prepupa is used to designate that part of the life stages begin- 
Ding with the first spinning of silk and lasting until the molt to the 
pupa. 

Kocation of the cocoon 

In the open, the larvae spin on the under side of leaves, at the over- 
-urned margins or tips of leaves (Plate LXXXVIII, 4), under rough- 
sued bark, in flower clusters, or under loose earth. In vials they usually 
ipin under leaves, twigs, or a mass of aphid skins, near the cotton plug, 
ir on the bottom of the vial. Observations indicate that the greater 
lumber go to the bottom of the vial to spin. 

It was found that larvae of Chrysopa oculata may spin their 
locoons just beneath the surface of the earth in pot cages. In nature, 
.ucoons of this species are not commonly found on plants. It is thought 
bat they may go below the surface of loose soil and spin, which would 
iceount for their scarcity. The earth and sand adhere to the cocoon and 
aake them quite inconspicuous. Cameron (1913) found that C. vul- 
|flri 5 also often pupates below the surface of the ground. 

pinning the cocoon 

The early part of the spinning can be readily observed, but the 
er part is difBcult to see since the cocoon is only slightly trans- 
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parent. If a larva has been observed ^ having just started to spm, 
ft may be removed to a glass sUde or placed m a ceE slide, and a ter 
some restlessness it will usually begin to spin a new cocoom this 
way the actual start can be seen. A laiwa spinning on *e bottom of a 
vial in the angle, first makes a framework by attaching viscid silk thread 
froii the side of the vial to the bottom. The spmmng is done entirely 
by the tail, which, as previously noted, can be extended .and retracted m a 
remarkable manner. The colorless, gelatinous silky secretion issues, 
from the anal opening in the center of the tenth segment. |;W'a 
lies on its back or on one side, and reaches Y'th its tail in all directions. 
When the secretion touches the glass, the soft silk readily adheres, form- 
ing interesting attachment disks. Then the abdomen is moved over to 
another place and the silken thread issues as it moves from one place to 
another The thread is fastened again, and so the process goes on if 


supports are located. 

But if supports for the thread are not found, the tail searches aim- 
lessly about Sometimes it seeks in vain and may attach a thread to 
one of its own setae. The tail can be brought forward oyer the head 
of the larva and attach a thread, or it can be twisted to either side to a 
relatively considerable distance. If no supports are available, the 
threads are fastened on one side of the larva and then carried up and 
fastened to a seta, or carried over to the other side and fast^ed. Buriiig 
the first few hours the spinning proceeds rather slowly, and the more so 
if much time has been wasted by the laiwa in seeking places to attach 
the thread. The larva spins for a few minntes in one position and then 
shifts and continues in the new position. Threads are attached to other 
threads and by constantly shifting to a new position the larva keeps the 


cocoon spherical. 

The spinning from thread to thread is carried on in a fairly regulai 
triangular design. The shifting continues at intervals, but instead of 
shifting in a true circle the larva moves to one side a little, and in this 
wav the wall of the cocoon is made of the same thickness. As the Ian a 
shifts, the prominent dorsal and lateral setae are broken off and go into 
the construction of the cocoon. Perhaps these add a degree of stiength 
and rigidity, like the ribs of a basket. Long before the larva is hidden 


from view it is without setae. 


The spinning continues without cessation day or night unless the 
larva is disturbed. The triangular design continues until the cocoon is 
at least half completed. Observation from this stage on is difficult, as 
the larva is partly hidden. There appears to be a fairly gradual change 
to a figure-8 pattern. The end of the spinning appears to be a general 
plastering over the inside of the cocoon, which completely hides e 
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rva from view. This last act is carried out very slowly. Spinning 
aially requires from twenty-four to forty-eight hours, though some 
n'ae apparently finish in a shorter time. 

Special effort was made to see whether the lid, by way of which the 
apa leaves the cocoon, was spun into the cocoon. But to date this has 
t been seen, nor have any constant characteristics in the spinning 
occss been observed which would warrant the conclusion that it was 
un into the cocoon by the larva. 

If, while a larva is spinning, the cocoon be torn or the outside be 
essed in with a dissecting needle, interesting reactions follow. The 
rva tries to defend itself and may plunge its jaws through the unfin- 
led cocoon in this effort. Spinning stops for the time being. After 
short period of waiting, the jaws are withdrawn and the spinning 
oceeds. If the cocoon be cut or torn, the opening is patched so that 
the end the tear can scarcely be found. It is made of the same thick- 
ss as the remainder of the cocoon. 

If a spining larva is disturbed, it does one of two things: it 
;her walks around for a while and begins to spin at another place, or 
es to the bottom of the vial, coils up, and spends its pupal life outside 
^ cocoon. Disturbed larvae have been observed to come back to the 
boon first begun and spin another beside it. If the first cocoon is 
ill started, the chances are that the larva will not spin further, since, 

1 Lurie (1898) pointed out, the amount of silk secretion is undoubt- 
ly Hmited, and if too much silk has been wasted in an unsuccessful 
pmpt to form a cocoon the larva cannot secrete enough to complete 
bther. It may, however, spin feebly for about twenty-four hours, 
ping a mat of silk around the tail. A very few larvae appear to 
Ike no attempt at all to spin, but pupate in the open. 

} cocoon 

he cocoon is spherical or slightly elongated in shape (Plates LXXXVII 
1 LXXXYIII), and in all cases pure white in color. The cocoon 
»per is very thin. It appears like paper, but the original framework 
it more or less of a shaggy appearance. The silky layer is thin, 
“(1, and difficult to tear. It was found, by submerging cocoons for 
^rent periods of time, that they could be submerged for several hours 
nout being permeated by water ; after a longer time, however, the water 
enter. In some cases the cocoon has one or more ringlike bulges. The 
I f varies somewhat in the species, very probably with the 

Ir spin them. One cannot with any certainty dis- 

" s the species by the cocoon. The packet-carrying larvae use 
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their packets as a framework for their cocoons, the debris adhering 
the cocoon. The setae to which the debris is fastened evidently break off 
early in the spinning, permitting the larva to shift its position. 

There are two stages in the cocoon — the last part of the prepupgi 
period and the greater part of the pupal life. The prepupa in tin 
cocoon is doubled ventrad, the tip of the tail lying on the anterior 
dorsum of the head. It is inactive, hut is capable of a bttle movement. 
The distinctive colors of the larva largely disappear, but one can 
usuaUy identify it even after the fading is well advanced. ^ Just befon 
molting it is often impossible to name the species with certainty, When 
opened, the prepupa is seen to he filled with a grayish to yellowish whit« 
semi-fluid substance, but in the abdomen there is a large, solid, black, 
bean-shaped body. This is the larval excrement which w^ packed at tke 
end of the mid-intestine during the larval life. It remains here during 
the tissue-reforming process through the pupal stage, and the intestinu 
of the adult forms about it. 


THE PUPA 

The pupa, as it pushes ofi the old larval skin, is delicate gray tc 
yellowish in color. The eyes are grayish, with small spots of brom 
At the center of the base of each eye is a prominent opening, or foramen. 
The antennae are white or colorless, and are folded over the dorsum cl 
the head, above the eyes, around somewhat to the sides of the thorax 
then in an irregular S-like loop over the wing pads, ending behind th 
\vings and somewhat under the body. The most prominent part of tk 
head is the mandibles, which are the mosi 
distinctive development of the pupal life 
They are relatively large, toothed, and hear 
ily chitinized. Their only movement is as [ 
pair of pincers. There is a prominent la 
bruih. The maxilla and the labium are mud 
reduced but they give a suggestion of the fn 
ture functional mouth parts. The segment 
of the palpi, as well as those of the antennae 
appear like so many glassy beads. They 
The head is inclined ventrad and its onij 
movement is a slight raising and lowering. The last segment ^ 
each tarsus is broadened at the tip, and at each outer angle a verj 
small claw is borne. The wings appear as two pairs of rather pno®*' 
nent pads on the meso- and the metathorax. 



Fig. 157. pupal mandibles 
(m) and larbum of chgys- 
OPA OCULATA, X 32. DORSAL 
VIEW 

incapable of movement. 
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Color cTianges antf later development 
ls tbe develops, the body changes to a distinct bright green. 

, head however, retains the yellowish color in most species. The 
, ehange from a gray to a deep reddish black. As the eyes develop, 
retinnlae are outlined by little circles of brown pigment forming 
ular geometrical figures. If these figures be examined under high 
per they will be seen to consist of seven rhabdom cells outlined in 
meat with a small, clear, central area. This offers an excellent 
jortimity to study the gradual deposition of pigment in the develop- 

compound eye. 

n the early pupal stago, the head is unmarked, but gradually the 
id coloration of the adult appears. Ckrysopa oculata shows very 
ikingly the dark bands and loops, but C. nigricornis does not show 
, two labral dots at first. These are developments in the early adult, 
e basal part of the legs becomes light green, while the tarsi remain 
lylsh to translucent. The legs of the adult can be seen developing 
Lhiu the pupal legs, at first faintly but later very plainly. The 
Fcloping antennae of the adult may also be thus seen. The wings, 
Itinuing their growth, soon fill the pupal pads. They then double 
^ forming regular loops back and forth. This explains how the large 
of the adult can develop in such small pads and be pulled from 
pads so easily. As soon as this folding occurs, the tracheation and 
ition are obscured. The hairs on the wings show clearly and 
!ure most of the wing surface. 

hese developmental changes can be followed by the external 
earance of the cocoon. . As the color of the larva fades to yellowish 
:ray, the cocoon takes on a tint of the same color. The cocoon, as a 
lie or in spots, at least after pupation of the lars^a, has a greenish 
;e. In cocoons containing nearly mature pupae, the eyes can often 
ieen as two dark spots. When these eye spots are the darkest, the 
en color the most noticeable, and the black disk the most evident, 
pupa may be expected to emerge. 

ocoons that were wholly black were sometimes found. This gen- 
ly indicated that tbe prepupae within were dead, often parasitized, 
dties, black or very dark cocoons were frequently found on trees, 
some of these had been discolored by soot or smoke. Fungous 
R^ths on a cocoon have been observed to be positive evidence of the 
i^h of the pupa or the prepupa. 
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Length of pupal life 

The shortest periods of time from spinai^ to pupation in the dif. 
ferei^t steeies rrL from three days to twelve days. Hecords of froni le, 
to twLtv days were more frequent than earlier ones. In overwinter., 
leSiLs Ihieh remain in the cocoon as prepupae this molt does 
generations, w months. The pupae emerged 

r enron in a mSSiL of five days after pupation. Th.s gu, 
a'^nimum of eight days in these rearings for the length of pupal hfc 
Records of from twelve to twenty-five days, however, were more iiequem. 
Development was most rapid in midsummer. 

Emergence of the pupa 

When the oupa has matured, it leaves the cocoon through a ci,-eula. 
opS at o^^^'^end. This opening is generally directly opposite* 
disk though in rare oases this disk, which is the molt, may k 
boated on’the side. The pupa, by exerting sufficient upward press® 
causes the end to tear in the form of a circular lid, which was obsenei 
in all cases to he hinged by at least a few threads. 

A question has arisen as to the exact manner in which this hd i 
formed. Some writers state that it is spun into the cocoon others thal 
it is cut free from the cocoon by the large pupal mandibles and ud 
others that.it is torn by upward pressure. The writer has not obse.™ 
anything al spinning that might be interpreted as the formation of th 
lid^in any species. If it were, cut by the mandibles, it appears that tb. 
edges might be jagged and somewhat irregular, yet this is not the m 
Furthermore, cocoons would occasionally be found with the jaws pro 
trading in the act of cutting the lid, yet this has been neither seen m 
reported. 

The writer is not definitely convinced as to the correct explanation 
It appears most likely to be a combination of the a^ve explanationi 
The cocoon is so constructed that, when a rent is started, it teais m 
circle with clean edges. Near the ends, one can tear off a lid ; ncai 
middle, however, the ends of the tear do not meet, but a narrow st 
like a continuous apple peel results. Therefore the manner o spinu 
may account for the end tearing in the form of a hd. 

It has been repeatedly obsen^ed through the thinner cocoons, as « 
Chrysopa rufilahris and C. plorabunda, that the pupa is able o s 
position with surprising rapidity. This can be demon^rated by 
ing a little pressure on the exterior of the cocoon. The pupae 
been observed to turn quickly to avoid injury. By raising its 
slightly, a pupa can bring pressure to bear on the upper eua 
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.ocoon. It ^ possible that by the shifting about of the pupa in the 
•ocoon, some area is weakened, so that when the pressure is exerted the 
•ent begins. However, no observations have been made substantiating 
his theory. After the rent has been once started, the further pressure 
lud emergence of the pupa causes it to broaden to almost a circle. 

Once out of the cocoon, the pupa must molt before it becomes an 
idiilt. This molt was the critical period in reared Chrysopidae; the 
fatality in these rearings was at first between thirty and sixty per cent, 
[t was observed that as soon as the pupa had emerged, it walked around 
on the bottom of the vial and sought repeatedly to climb up the sides. 
When twigs or leaves were placed in the vial, the pupa climbed up at 
once holding on with its claws and occasionally using its jaws to assist 
it. After hastily investigating the leaf or twig, the pupa braced its legs 
and began the stretching and expanding process which makes possible 
the splitting of the pupal skin. The providing of materials enabling the 
pupae to climb and properly orient themselves greatly reduced fatali- 
ties. If suitable supports are not found, the pupae may not be able to 
molt, but may grow weaker and more inactive and finally die. A weak- 
ened pupa rarely succeeds in shedding the pupal skin, as the process is a 
strenuous one, requiring all the strength that the most active pupa can 
exert. Pupae may also be removed to plants, w'^here the molt ean take 
place under natural conditions. 

The pupal molt 

The shedding of the pupal skin corresponds very closely to a larval 
lolt. The writer* has frequently watched pupae shed their skins, 
tnder a lens, and one instance, that of a female of Chrysopa oculata, 
nay be described as a typical ease. 

The pupa emerged from the cocoon and was taken from the vial and 
)laced on a plant. It walked around over the leaves excitedly, and thus 
nvestigated several leaves. Finally it took up its position near the end 
if a stem. It braced its legs and began to inflate or expand itself by a 
leries of regular movements simulating breathing. Numerous writers 
lave commented on the phenomenon of so large an insect coming from 
!uch a small cocoon ; in fact, the size of the expanded pupa is several 
;imes the size of the cocoon. The abdomen is extended to the normal 
idult length. The thorax also is expanded. There is considerable mus- 
fcular movement during this expansion. The abdomen is raised and low- 
fered, and extended and contracted, alternately. The head is raised and 
lowered. This pupa continued the expansion for ten minutes. It rested 
jOr perhaps a minute, and then a series of movements, calculated to 
pift the abdomen forward, was begun. The abdomen and the thorax 
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•, j A thp nunal akin, leaving it behind. The inevi. 

Se coSequencb waa the stretehing of the pupal skin in the anterior 
Sn This continued until a rent started. There has been soioe 
difference of opinion as to just where the tear occurs In to instance, 
•e wTrnver the occiput of the head and was rapidly extended back 
ivSe TrotVor- few further shifts. Bending the head caudo- 
ventrad, the pupa first carefully freed its mouth parts. It pu ed up. 
Iwd aid worked the mouth parts constantly. The antennae formed 
tiro loops over the front of the head and began at once to slip out of the 
Sd pupal skin. The pupa puUed upward slowly and deliberately ob 
the mouth parts, continuing to move thpm in and out. Finally they 
slipped off, revealing the bright colors of the head. The pupa then 
begL to straighten up slowly in order to puU out the antennae and the 
two anterior pairs of legs. The antennae were guided upward hy the 
maxiUae These were spread apart and they grasped the antennae ,n 
the withdrawing process. The metathoracie coxae may also assist in the 
withdrawing of the antennae by being moved forward and pushing the 
antennae outward. 


The pupal skin remained attached throughout this performance. 
The pulling upward continued until the pupa appeared to be supported 
onlv W the abdomen. Finally the front legs were freed, followed by the 
second pair. At about the same time the antennae were free and sprang 
into place During this performance the wings were puUed from their 
pads As the adult lifted itself upward, the chitinous linings of the 
tracheae were pulled out. With the freeing of the anterior part of the 
body the pupa, having the first two pairs of legs free, walked slowly 
ahead, thereby pulling out the metathoracie legs, the remainder of the 
wings, and the end of the abdomen. 


The pupal skin remained attached as a hyaline molt, retaining its 
former shape but with a large rent above and possessing no characters 
by which the species could be determined. Two long, slender claws at 
the end of each tarsus could be seen, but the pulvillus was not wel 


defined. 


Very little variation from the foregoing account has been observe^ 
in the different species studied. In C. nigricomts the rent was observea 
to be started at the border between the meso- and the prothorax. It then 
extended forward to the head, and continued to the eyes in the form ot 
a Y. The whole process, from the beginning of the expansion to the 
time when the adult w’alks away, requires from fifteen to twenty minutes. 
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THE ADULT 

Expansion of the wings and darkening of the veins 

The imago generally walks about excitedly for a few seconds, going 
a short distance and then coming to a stop with the end of the abdomen 
downward. This position facilitates the spreading of the wings. If 
the supporting surface be turned upside down repeatedly, the imago will 
just as often assume its first position. The wings expand presumably 
by blood pressure, the expansion beginning at the base and extending 
outward. The tips are the last to expand, usually requiring a half 
hour before being fully expanded. 

The veins and veinlets of the wings are wholly green at first, but 
certain ones soon begin to darken, first at the basal part of the wings ^and 
lastly at the outer parts. The adults of Chrysopa oculata exhibit a 
variation in this respect, from entirely green to fairly dark. A series 
may readily be arranged, including perhaps twenty individuals, with a 
gradual succession of changes in the extent of pigmentation of the veins. 
C. nigricornis also shows considerable variation. The first veins to 
darken are the gradate series, between the branches of the radius. The 
costal veinlets and the ends of the branches darken next. The base of 
M 3 + 4 (the divisory veinlet) has not been observed to be a true index to 
the degree of darkening of the wing. 


Voidance of larval excrement 

The black mass of larval excrement which was seen near the end of 
the abdomen of the pupa, and which, in the newly emerged adult, can be 
readily located, still must be voided. The voidance appears to require 
considerable effort, and is accomplished from five to fifteen minutes after 
the wings are expanded. 


Tracheation 

Pupal tracheation 

The camera-Iucida drawings of the pupal tracheation (Plate LXXVIII) 
show clearly its essential points. The costal trachea appears as a very 
short and rather indistinct trachea at the usual place. It has been over- 
looked by other workers, but in the course of these studies it has been 
seen repeatedly in Chrysopa 0 oil at a and C. nigricornis. The branch 
®lose to ^5 that it appears to be a part of the latter. Tillyard 
: (1916-17) h^ so interpreted it in C. signata, but in both C. oculata and 
b. nigricornis it is clearly a medial branch. A similar condition exists 
in the cubital region. The outer branch of the cubitus appears super- 
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ficially to be a branch of the media. This branch sends three smaller 
branches to the outer margin. The fourth branch basad is Cwa- There 
are usually only three anal tracheae, but in several instances a minute 
fourth was seen. There appears to be some variation in the second and 
jjiird anals. These tracheae are small and difficult to study, but the 
essential features are fairly clear. The tracheation of the hind wing is 
almost identical with that of the fore wing. 

A^licaiion of tracheation to wings of adults 

It is evident that a correct interpretation of the venation of the 
adult Chrysopidae is impossible without a previous understanding of the 
pupal tracheation. The modifications shown are peculiar to the family, 
so far as is known. The first modification is seen at the tip of Sc. In 
the pupal wing, Sc ends at the inner border of the stigma. In the adult 
wing it appears to end beyond the stigma and near the tip of the wing. 
The stigmal cross-veini ets are the fused branches shown in the pupal 
wing from Ri. There are few cross-veins between Sc and Rs, and these 
are at the extremities. This condition enables a kind of rotation to take 
place in flight, for both the cutting edge of the wing and the flexible 
hind border. The radial sectors in both pairs of wings of the adult are 
zigzagged, while in the pupal wings they are straight tracheae. 

It is at the end of the radial system and throughout the medial and 
cubital systems that the greatest coalescence occurs. The best way to 
name these branches is to find 0^2, which corresponds to that branch in 
the pupal wing. It arises rather far basad from C«i, and is branched 
in the front wing and unbranched in the hind wing. This vein having 
been found, the fourth branch forward is Giii in both wings. Then, in 
iregular sequence forward, the veins are M^, M^, Mz, and M^. It will be 
^^bserved that in both front and hind wings this arrangement generally 
piol^, stopping with the fork of R^. In either wing, however, some 

1 nation occurs in this region, ilfi and Mz, and and may be 
ined at their bases and simulate the branched R^. Mt may also be 
anched like Rs, 

The branches having been named, they can be traced to their origin, 
le ninth radial branch from Rs is the last to go straight to the margin 
thout fusions. The tenth to the fourteenth branches, inclusive, so 
se at their bends as to form the pseudo-media and the pseudo-cubitus. 
is fused with E at the base. In the front wing it divides into two 
auehes which fuse quickly, forming the median loop and then sepa- 
tmg. Apparently there may be considerable variation in the median 
op* The lower branch. Mg + 4, shifts along the upper branch and may 
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even fail to fuse with it, as shown m Plate LXXVIII, 7 In such a case 
nU evident specimen of Chrys<n>a oculata might be placed in the 
Allochnisa hy existing keys. A specimen of C. ruMahns was 
obsCTVed to entirely lack a median loop in one wing. But th^e varia- 
fons are Lusual, Jnd in the great majority of'specimens the wing-vena- 
tional chafacters used by Banks and others in keys may be relied upoa. 

In both wings, Cu arises as a separate vein. Soon after its origin 
in the front wiM, a marked thickening occurs. There is netting in the 
pupal tracheation that explains it. Cih prises at this tluckening and 
ruM toward the margin, but branches slightly beyond half the distance 
tr, the marffin The main vein continues forward and gives off four 
branches to^ C, the anterior of which becomes C«i. This differs from 
Tillvard’s interpretation, in that he has shown only three branchy from 
the anterior branch of Cu to the margin, compensating by calling R, 
three-branched at the tip. 

The short crossveins connecting the radial branches have been 
designated as gradate veinlets. The various genera differ as to whether 
there is one or two series present, and also as to the number in each 
series. 


Foods 

There has been some difference of opinion expressed in the litera- 
ture on the Chrysopidae as to whether or not they take food. Prom the 
beginning of these studies, Chrysopa oculata, C. mgricorms, C. rufilabns, 
C, quadripunctata, and 0. ch% were fed plant lice daily, which they ate 
very readily. The first two species listed were observed to eat them in 
their natural habitats. Any small aphids, young scales, and mites that 
happened to be available were given the ehrysopids, and were readily 
eaten though not all were equally suitable in rearing work. A hungry 
adult of C. Gcuiata was observed to devour seven cabbage aphids in 
succession. All adults apparently relished some water daily also. On 
the other hand, C. ploraMinda was never observed to devour live 
aphids, though this species fed freely upon fluids of crushed aphids, 
weak sugar water, and plain water. Similar observations were made 
with C. harrisii, C, lineaticornis, and AUochrysa virginica. While these 
were offered various aphids, they were observed to feed only upon sugar 
water and water. It is thought that the proper food was not discovered, 
or that the insects may have fed during the night, rather than that they 
normally took no food. 

It can be readily observed that adults depend largely on tactile 
sensations, rather than on sight, to locate their food. The palpi are 
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largeA^ used for this purpose. Aphid skins and dead aphids call forth 
responses similar to those called by live aphids. When the live aphids 
are encountered, their movements are readily detected, and then they 
are quickly seized and devoured. 


The flight of the adult is slow, heavy, and rather awkward. The 
wings are large and the body is comparatively heavy. In the sun, the 
light is reflected by the wings but the usual color impression is green. 
lAlthough the flight of the chrysopids is distinctive, they are frequently 
bonfused with some Plecoptera (especially Chloroperla), Meeoptera, 
, and the smaller Lepidoptera. 


Activity of adults 

The inactivity of the adults during the day has been commented 
on by many 'vvriters from Reaumur to the present time. The insects 
[)refer to remain quiet on trees, shrubs, and herbs, during the day, and 
py chiefly in the morning and evening. They sit probably most often 
bn the under side of the leaves. Sweeping and beating are the most 
^eeessfui means of taking them during the day. 

At Ithaca and at Milwaukee the greatest activity was manifested in the 
vening, as was evidenced by the attraction of the adults to the electric 
ights, especiaUy arc lights. It was found that a better collection could 
le taken here in a few hours on a favorable evening than in several days 
i sweeping. The activity of the adults begins early in the evening, 
lerhaps at seven o ’clock in summer, and their numbers increase until 
boat nine or ten o ’clock. The greatest numbers of adults on the wing 
lave been observed on warm, still summer evenings. If a rain be near- 
Dg, the conditions are still more favorable. In Virginia, though 
requent watches were made at lights, comparatively smaU catches 
suited and nothing rare was ever taken. Adults are somewhat 
fttraeted also to sugar put out for moths at night. 

\leaning the antennae and pulvilU 

i An interesting perfomaanee seen frequently in adult chrysopids is 
cleaning of the pulvilli and the antennae. The right antenna is 
eaned by the right front leg. The tarsus is looped over and the antenna 
rawn through the loop. The long hairs on the tarsal segments serve 
remove atUched debris. The left antenna is cleaned bv the left 
irsus in the same way. 
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j u ttomnts to climb up the side of a glass bottle, the 
When an f attemp P ^ gueceed. The pulviHj 

pulvilU must evidently be ve y maxiUae. The insect .picks oj 

I, cleaned by the bites the pulviUus, probably to 

adhering particles All the legs are cleaned by bem. 

increase the flow of ato tbe maxiUae and the labium, the 

drawn through mowt et 

right legs bemg town th gh adjustment for this i, 

legs through th left sidm I apparently well suited to 

t SJS-JSi “O <»• 

Protective devices 

1 i! j-Virt a/ini+Q <!o cIosgIv simul&tGS their enviromneiit that 
The color . • afforded. But more striking is the repelleot 

considerable protection m sickening and very objectionable, 

odor of most ^ rlmbUnrthat of human feces. McDm! 

and has been describe _+ gf ^be glands secreting the fluid thai 

nough (1909) gives ^ ^ef account ot tne g a j 

produces this odor. .T^or appe^^^^^^^ vary 

individuals of jJ ’in q. nigricornis, and weaker in the 

oculata ^be fuU strength of the odor may be demon, 

gwa^npimda^a group. ^ between the fingers. ’ 

strated by slightly sq g similar result The odor will persist on 

i paSSonfrom the insects’ enemies, though predacious eneimei 
t,„vA hcp.n observed to be less serious than parasitic ones. 



Fid. 158. END OF abdomen in chrysopa 

OCUIATA, X 8. VENTRAL VIEW 

A, In adult female. The two circular areas 
of peculiar setae are shown, also the genital 
opening (v) 

B, in adult male 


The sexes 

It was early noticed that the 
egg-laying females nearly al- 
ways have very much distended 
abdomens, due to the eggs con- 
tained. So when adults are 
taken with abdomens larger than 
normal, it is generally safe 
to call them females. But tlie 
sexes have constant dMerenees 
in the external genitalia whicli 
readily distinguish them. 

The end of the abdomen of a 
female of Ghrysopa ocMa^ 
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see» to be made up of two prominent side lobes, which meet at their pos- 
extremity but are separated anteriorly (fig. 158, A). The very 
prominent oblong vulva is located between these lobes, at their base. It 
has a sharply defined border and is not covered with the prominent hair 
seen on the lobes. A suture running from in front posteriorly divides it 
into two equal parts. Both the gelatinous stalk-forming substance and 
the egg issue from this opening at oviposition. 

A ventral vi-ew of the end of the abdomen of a male of C. oculata 
shows marked differences from that of the female. The two lateral 
lobes stop short of the midline and a prominent ventral plate extends 
between the two borders (figi 158, B) . This ventral plate has a prominent 
depression extending across it near the middle. There is another lesser 
depression, parallel to this and a little posterior to it. This ventral 
plate extends practically as far caudad as the lateral lobes. The genital 
opening is within the extreme end of the abdomen, above the ventral 
plate, and the anus opens above it. In side view^ the abdomen ends 
squarely, in contrast with that of the female, which has a rounded end, 
the dorsal part being longer than the ventral. The depressed button- 
like circular areas bearing the short, peculiar setae occur in the males 
as well as in the females, one on each side near the dorsum. 

Sexual dimorphism 

In addition to, the genital differences, there is a striking sexual 
dimorphism in Meleoma signor etti. The male develops a prominent 
frontal horn, which bears a brownish ventral brush of hair (Plate 
LXXXIV, 6). In the male of M. slossonae there is a suggestion of this 
development and the surface of the front is somewhat irregular, but a 
definite horn is absent. McLachlan (1883-84) discussed a difference in 
the width of the costal area of the wings in the two sexes of Chrysopa 
|?ava. 

Copulation 

Copulation has never been described for the Chrysopidae. It has 
been observed several times in Chrysopa oculata and C. nigricornis dur- 
ing these studies. As a typical case, copulation of C. oculata observed 
under a binocular on June 26, 1916, may be described. About half a 
dozen pairs of adults of G. oculata emerged on June 24. They were put 
in a battery jar, which was then placed upside down over a small plant 
infested with aphids. At about 4.30 p. m. on the 26th, several females 
appeared to be chasing the males about. When they Came near each 
other, both the males and the females began to jerk the abdomen upward 
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and downward, an act which is generally seen before copulation. «The 
males and the females rubbed their antennae together, and usually the 
males would fly away. Finally a male and a female (mntinued stroking 
each other vigorously with their antennae. Then they walked to a 
position beside each other, facing in the same direction. Then they 
moved their abdomens together, the male bringing his under that of the 
female so that the ventral surfaces of the two were together. The male 
held the abdomen of the female securely. Later they headed in opposite 
directions. Connection continued for twenty-eight minutes. During 
this time the only perceptible movements were a slight waving of the 
antennae and contractions of the abdomens resembling slow peristalsis. 
Finally the female became restless and started to fly away, but the male 
held her, even supporting her suspended. After several further effoits 
by the female to break loose, they separated. Each brought its abdomen 
forward and appeared to be eating at the genitalia. The male held his 
genitalia open for five or ten minutes after copulation. 

All other cases of copulation observed also occurred at about four 
or five o’clock in the afternoon. A pair of C. nigricornis copulated at 
least twice. They emerged on successive days and were put together 
immediately. The female laid about two dozen eggs, which hatched, 
After these eggs were laid the insects were found in copulation. The 
beginning of the copulation was not observed, but the insects remained 
in connection for a half hour from the time when they were first 
observed. After this copulation, several dozen more fertile eggs were 
laid. The evidence of the first copulation was circumstantial but, since 
fertile eggs were deposited, it is not likely that the supposition was 
ungrounded. The second copulation was observed. 

Egg-laying after copvlation 

A number of experiments were carried out to determine the length 
of time that elapsed after copulation before the first egg was laid. The 
female whose copulation is described above, began laying eggs the day 
after copulation. Observations show a varying lapse of time, from a 
few hours to six days. The females are fertilized generally soon after 
emergence, but a minimum of three days is required for the eggs to 
develop. If oogenesis is well advanced, fertile eggs may be deposited 
very soon after copulation. 

It was observed in several instances that in Chrysopa oculata, eggs 
formed when the females were unfertilized. The females deposited a 
number of unstalked eggs in the vials, as well as some stalked ones which 
failed to develop embryonically. A female that had deposited unstalked, 
infertile eggs, after copulation deposited stalked, fertile ones. 
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^nner^l ovipoUtion 

The stalked eg^ of the Chrysopidae early attracted attention, and 
le manner of ovipoation has been correctly described, at least in the 
ain, by several writers, notably Fitch (1855), Mueller U872-73a) 
ine (1895), and Girault (1907 a). , ’ 

Oviposition has been observed many times by the writer both under 
hand lens and under a binocular. A female with a much swollen 
)donien may be expected to oviposit soon. Furthermore, if a female 
seen to have very recently deposited a few eggs, oviposition may gen- 
'aUy be observed without a long wait on the part of the observer. ‘There 
a constant twitching and contracting of the abdomen preceding ovi- 
osition. Rings of contractions run posteriorly, and the abdomen is 
jpeatedly raised and lowered. The female is usually quiet, moving 
jily when disturbed. The vulva becomes more prominent, then it bulges 
pt, and immediately before oviposition it is pushed out to its limit, 
ping then very conspicuous. Finally the abdomen is brought to the 
bstratum once or several times. Then it touches the substratum 
parently with more force, and a drop of clear gelatinous substance is 
uded. Following this exudation, the abdomen is raised stiffly upward, 
le gelatinous substance is pulled out in this way into a long, fairly 
liform stalk. Immediately the egg appears, mieropyle end last, and 
laches itself to the stalk. The egg is held for an instant, presumably 
lile the stalk hardens. 

It wp observed that the egg in many instances was held not by the 
nitalia but by the small amount of stalk material which adhered to 
When the drop of gelatinous material appeared, the genitalia were 
imersed in it before it was drawn out. The egg adhered to it and 
IS held for a few seconds. If the abdomen was lowered a trifle, the 
ilk bent out of line. After the stalk hardened, the adult freed itself 
om the egg with a little jerk. Some of the gelatinous substance was 
equently seen on the eggs. 

;The females of the less common species refused to oviposit in 
jptivity, though several types of containers and foods were used. It 
puld be pointed out further that some exotic chrysopids normally 
posit unstalked eggs, but all of our species thus far studied normally 
Tosit stalked eggs and all oviposit in the manner described. 
Mnomalities in ayipoait ion . peculiarities have previously 
CO e^icnbed as accidents of oviposition. In closely grouped eggs, as 
e requently found with Chrysopa nigricornis^ striking abnormalities 
Observed. Most species deposit their eggs singly, but Sharp 

laying its eggs in groups, each group being 
f>Ported by a single stalk. & r- > e f s 
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Not infreauently stalks without eggs were found, also _a stalk 
a small part of an egg on it. A fem^e of C. whi.h 

demonstrated these and other abnormalities was watched one afternooi 
Oviposition was repeatedly attempted, though it apewed that tl, 
eges had become lodged. The insect was observed to deposit a hall 
dozen stalks without eggs, also some stalks with small pieces of ti, 
chorion on them. She also deposited other pieces of chorion indiseriini. 
nately without stalks. She later deposited normal, stalked eggs, si, 
also deposited one stalked egg with an unstalked egg adhering to it 
(fig 159 B) and another with a piece of chorion attached to a normallj 
deposited egg. Near the end of her life she deposited a few fertile egg, 
without stalks. 



Fig. 159. abnormalities in oviposition 

A and B, Abnormal oviposition in Chrysopa nigrlcornis, x 5^. C, Accidental feira 
of stalks in C. oculata. D, Abnormal oviposition in C. chi. B, Abnormal 
In C. oculata. F, Egg of C. oculata showing a drop of the gelatinous stalk maiei 
ig) 
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idtjth of oviposition period and number of eggs laid, — The usual 
stateiTients on the lengtli of the egg-laying period are that the adult is 
short-lived and that oviposition lasts for only a few days. Great varia- 
tion occurred in rearings, undoubtedly due to the fact that few if any 
females depended their full complement of eggs. The largest number 
of eggs obtained from any one individual was 617, from a female of 
Ckrysopa oculata which lived for forty-two days. The second largest 
number was 470, from a female of the same species which lived for 
thirty-four days. There was but one copulation in each ease and no 
infertile eggs were noticed. In both cases egg-laying continued up to 
the day preceding death. Female No. 63 of this same species deposited 
326 eggs and then died. On opening the abdomen, 13 nearly mature 
eggs were seen. Other records in this and other species were in the 
main smaller than the above numbers, ranging from 294 to 0. The 
number of eggs that can be deposited is evidently larger than has been 
pre^uously reported. 


Length of life 

There, is considerable variation in the length of life of different 
indmduals. During an attempt to winter adults, a female of Chrysopa 
rujildbris lived for eighty-one days and a male of C. quadripunctata for 
fifty-nine days. The periods given in the preceding paragraph are the 
longest records for females of C. oculata, while the longest record for a 
male was thirty days. Adults of this species usually lived for two or 
three weeks in rearings, but the less common species, as G. karrisii, 
C. lineaticornis, Allochrysa virginica, and the species of Meleoma, could 
not be kept alive longer than a week, or at most ten days. Adults of 
Chrysopa plorahunda have been kept alive from October to April, but 
during the summer have not remained alive for more than three weeks. 

NUMBER OP GENERATIONS IN A TEAR 

The number of generations varies with the different species and 
with the latitude. A pair of the species Chrysopa oculata emerged in 
the laboratory on February 18, 1915, and by July 1 four generations 
been reared. From fragmentary outdoor rearings and collections, 
there are apparently three generations of G. oculata in New York and 
tour in Virginia. There are very likely four generations of G. plora- 
mnda in Kansas, but only two of G. cockerelli. There are two genera- 
tions of C. lineaticornis in Virginia, but collections would indicate only 
of Allochrysa virginica. 
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HIBERNATION 

The majority of the species of Chrysopidae winter as prepup^g 
within their silhen cocoons. It is usually stated that they winter as 
pupae, but by opening cocoons monthly during the winter, it was fouiKj 
that they remain prepupae. CJirysopa plorobunda normally overwin- 
ters as adults in Kansas. In the mild winter of 1920-21, this species 
was active almost all winter and could be taken in numbers on warm 
sunshiny days. During the more severe winter of 1921-22, none could be 
found flying in the open nor caused to fly up by beating, C^.intervupffi 
was reported by Banks (1915) as hibernating at Mount Vernon. Adults 
of (7. vulgaris have been reported by McLachlan (1869) as wintering in a 
hornet nest. C. fiava has been reported by several writers as wintering 
in the adult stage. 

One species, C. eockerellif was found to winter as practically grown 
larvae. Larvae of this species were kept alive over winter without 
food in an attic and in a cave. Furthermore, an overwintering Urva 
was found on April 4, 1921, in an apple orchard under a piece of bark. 
In the South, Chrysopidae breed continuously through the year. 

Repeated attempts to winter eggs, larvae; ^ and adults of species 
other than those previously mentioned have failed. Adults of 0. rufi. 
lahris, C. quadripunctata, and C. harrisii were kept alive until November 
and December in Virginia in outdoor protected cages, but they finally 
all died. Immature larvae of our common species die if they are not 
fed, and when they are fed they go on to maturity and spin cocoons in 
which they winter as prepupae. 

During the winter cocoons of the tree-inh|biting species may be 
found in crevices of the bark on maples, oaks, and elms, on leaves in 
heaps along hedgerows, and in similar protected places according to the 
habits of the larvae. 


Discoloration in hibernating adults 

Overwintering adults are usually much reddened, and their green 
color is largely replaced by brown as a result of the cold and from lack 
of food. Banks (1915) reported discoloration in Ckrysopa plorahunda. 
Kolbe (1893) stated that the green color of chrysopids was due to 
chlorophyll, and ascribed the color change of C. vulgaris in the fall and 
after death to factors causing a comparable change in the leaves in 
autumn. 

Specimens of C. rufldbris taken at Milwaukee on September 27, 
1918, soon after the first frosts, had an elaborate reddish color pattern 
over the entire body, and the wings were a decided brown. This diseol- 
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, ration was brought ra gradu^ly during the fall of 1918 in specimens 
,f 0. rufilabm and C. quadnpunctata which were placed in outdoor 
.ages and fed. on a weak si gar solution. As the cold weather came on 
;he discoloration became gradually more pronounced. Discolored adults 
,f C. plorahunda are very common in Kansas in the . fall and sprinn 
The reddening appears with the first cold weather in the fall and per^ 
}ists until the adults begin to take food in the spring. Some specimens 
retain a little of the green, but the majority lose most of the normal 
joloration. ■ Both males and females overwinter and thus become dis- 
jolored. 

It ha^ found that at any time during the winter the discolored 
idults of C. plorabunda may be brought into the laboratory and the nor- 
nsl green color restored. It appears that food is more important than 
temperature in this restoration, though this species has not been observed 
to take any food in confinement other than water, weak sugar solution 
plant sap, and, less commonly, crushed aphids. The coloration has been 
restored in from one to two weeks by feeding water alone, or sugar solu- 
^on, while the insects were confined in the laboratory. 


FIRST APPEARANCE OP THE ADULTS IN THE SPRING 

The time of the first appearance in the spring varies with the 
tanner of overwintering and the climate. Adults of Chrysopa plora- 
unda have been taken throughout the winter in Kansas. At Charlottes- 
ille, Virginia, the first adult of C. ocidata was seen on Marcli 20, 1919 • 
t Ithaca the 'first adult .was seen the first week in May, 1916, but it is 
onbtM whether this was among the first to emerge. Adults of h. quadri- 
imdata and 0. nigricornis were taken the latter part of May 1921 in 
.ansas, and in June, 1917, at Ithaca and in Kansas. It has been 
bserved for four years that June is the earliest date when a variety of 
hrj'sopidae has been taken by collecting. Adults were obtained during 
11 the wmter and spring months by bringing overwintering cocoons 
icloors into a room of fairly constant temperature. Some individuals 
upated promptly, while others made apparently no change for a month 
r more Some prepupae died when brought indoors in the course of 
lese studies, but pupae very rarely died in cocoons. 


FACTORS REDUCING THE NUMBER OF INDIVIDUALS 

the parasites of' the Chrysopidae have 
Girault (1907 b), aid McGregor 
ti™ parasites. Moffat (1901) discusses egg para- 

but ksts no species. So far three egg parasites, one larval parasite. 
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"di“ .i»i.V~rf«i .« »««. b» (WiM.~«th, mti. 

a larva of Anatii 15-punctaia (Schwartz, 1890). 


Egg parasites 

TrichograffiMCi minutum Riley was the only egg parasite reared 
during these studies. This parasite attacks the eggs of a large 
number of different insects, but, so far as is known, has not before been 
reported as attacking eggs of the Chrysopidae. Its life history has been 
given by Bodkin^ together with valuable biolopeal notes on the 
species. Parasitized eggs turned to a smoky color in about three days, 
and jet black with a peculiar dull appearance in another day. One egg 
was glued fast to a leaf by a gektinous substance, but later examples 
show this to have been an exception. When mature the adult parasite 
emerged through an irregularly circular hole eaten in^ the side of the 
egg. This parasite is of no appreciable importance inasmuch as its 
occurrence in nature is rare. Its life history may be readily studied by 
obtaining the parasites from some other host— as, for example, eggs of 
the corn-ear worm (ChloHdu ohsoletct Fab.) — and inducing parasitisra 
on chrysopid eggs. 

Larval parasites 

Only one parasite attacking the larva was taken. This was a para- 
sitic chigger mite of the genus Erythraeus (Hartzel, 1918). While the 
writer was collecting on the grounds of the Soldiers’ Home at Milwaukee 
on August 25, 1917, a number, of larvae of Chrysopa rufilabris were taken 
which had one or more of these bright red mites attached. They 
remained attached to the larvae for several days when the larvae were 
confined in vials, and a few remained permanently attached when the 
larvae were preserved in alchohol. Larvae thus para.sitized showed very 
slow growth. 

Pupal parasites 

Considering the word pupa here as including the prepupa, which 
stage is also spent inside the cocoon, a number of important pupal 
parasites have been obtained. The primary and secondary parasites 
that have emerged from cocoons are given in the accompanying table- 

3Bodkln, G. The egg parasite of the small sugar cane borer. Board Agr. Britisl 
Guiana. Journ. 6:188-198. 1903. 
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The information obtained eonoerning the life histories of tie, 
parasites and hyperparasites is fri^mentary Parasitized eocoons i, 
all cases gradually turn dark to decidedly black. When parasites han 
emerged, one can usually tod the shriveled skin of the prepupa in ti, 



Fig. 160. work of parasites on chrysopids 

A, Empty cocoon of Chrysopa rufilabrls from which Hemiteles are a tor suhsp. tenelks 
emergtd, x 11^4 

B, Cocoon of C. oculata from which Perilampus sp. emerged, x 11% 

C, Cocoon of C. oculata from which Helorus chrysopae emerged, x 11% 

D, A piece of a wing of C. oculata showing two feeding punctures of Psetidcculi' 
coides eques and the brownish area, around each 

E, E^ of C. oculata from which Trichogramma minutum emerged, showing (lit 
clear gelatinous substance holding the egg to the leaf, % 11% 

case, together with the thin, filmy cocoon of the parasite. In all eases 
so far seen, the parasite destroys the chrysopid prepupa before it 
pupates. The parasites make several kinds of openings in the cocoons 
at emergence, that of Helorus chrysovd^ being especially interesting 
(fig. 160, C). 

In general, the pupnl parasites are the greatest check on the Chrj’s- 
opidae. Parasitized cocoons of Chrysopa rufilabriSf G. nigricornu, anii 
others occurring in the open, were frequently collected. McGregor 
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914), mcGregor and McDonough (1917), reported a parasitism of 
9 per cent. There was never a parasitism even approaching this 
-ure noted during these observations. 


rasites of the adnlt 

p^Qiidocnlkoides eques Johannsen (Plate LXXXVIII) was found to 
, fairly common on the wings of several species of Chrysopidae. This 
a little blood-sucking chironomid, which sits on the wings, buries its 
•oboscis in a vein, and sucks up the blood of its host. At Ithaca during 
month of July, 1916, an average of 9.5 per cent of all the Chrysopa 
ulaia adults collected had one or more of these parasites on their. wings, 
hey were taken on the wings of 0. oculata and all its varieties, 0. chi 
id its variety, C. nigricornis, and Meleoma signor etti. The parasites 
ipear to have no choice as to the veins of their host, and as many as 
tree may be found on one wing. They sit motionless while on the 
ings and hold on firmly even while the host is flying. The abdomen is 
enerally distended, disturbed the parasites fly very rapidly, 

Tactically leaping from place to place. Only females were found on 
le wings. The life history is unknown. The species was observed only 
1 New York State. 

The parasitic mite Erythraeus also attacks the adult chrysopids. 
'he mite remains securely attached to the body of its host. Specimens 
f C. nifilabris thus parasitized were taken on goldenrod in the woods, 
t Milwaukee. 


Predacious enemies 

Wildermuth (1916) points out that certain birds, such as the 
western wood pewee and the nighthawk, feed on adult Chrysopas in 
pile of their repellent odor. He states also that robber flies have been 
joted as catching the adults, and that some Hemiptera prey on the 
ftrvae. The writer has given live adults to a praying mantis, which 
levoured several daily. A red-headed woodpecker was seen to catch 
pi adult, probably Chrysopa nigricornis, on the wing and devour it. 
p was observed that coccinellid larvae would eat eggs of 0. oculata but 
[id not devour larvae of the same species. 

FACTORS AFFECTING THE SPREAD OF THE SPECIES 

Host of the species of Chrysopidae studied have a wide distribution, 
lieir night is not adapted to long distances. It seems probable that 
gradually increasing range of the species is being brought about 
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throi^li the shipping of hay, grass, logs, trees, shrubbery, and tlie 
Cocoons occur on various parts of these and may readily be shipp^^ 
even to considerable distances. Professor C. R. Crosby found fourteen 
chrysopid eggs on the window of a moving train, and this sugg^gl^^ ^ 
ready means of spread. Adults may enter open box cars during tin 
day and be transported to a considerable distance. 

ECONOMIC IMPORTANCE OF THE FAMILY 

Both larvae and adults of all our species of Chrysopid ae aij 
distinctly beneficial. The only instance on record of this family’s doing 
any harm was in California, where the larvae were reported by Essk 
(1911) as destroying the larvae of ladybird beetles which had beep 
introduced to combat scale insects. During the course of these rearin^g 
several species of coccinellid beetles were successfully reared in the sane 
vials with chrysopids, but there were usually some aphids present. 

Chrysopid larvae are occasionally an annoyance to man by their bit- 
ing, which suggests a pin prick, and by their crawling over his person. 
This occurs most frequently uuder trees or in fairly dense vegetation 
The tree and shrub chrysopid species are most commonly the souree of 
this annoyance, but any hungry, grown, third-instar larva appears to be 
capable of piercing the skin and sucking some blood if not disturbed 
(Marchand, 1922). 

The chief contribution of the Chrysopidae to human welfare is 
their destruction of plant lice during the summer and autumn months. 
They do not appear early enough in the year, nor are they present m 
sufficient numbers, to appreciably check fruit injury by plant lice or to 
reduce early spring outbreaks of aphids such as that of the pea aphids 
on alfalfa in Kansas early in 1921. But as summer progresses, the 
tree-inhabiting species become sufiSciently numerous to take an important 
part in combating the woolly apple aphis on elm, the painted maple 
aphis, the maple Phenococcus, the apple leaf hopper, ^and similar pests. 
Aphids attacking cereal and forage crops are preyed upon by Chnjsopn 
oculata, C, ploraMtnda, and 0. rufitabris, chiefly. These species are 
usually present in clover and alfalfa fields, sorghum fields, and corn- 
fields, sometimes in great numbers. While it is the larvae that are 
generally seen devouring the plant lice in the field, nevertheless there is 
no doubt that the adults of our common species regularly prey upon 
plant lice, with the possible exception of G, plordbunda, and thereby 
increase the importance of this family economically. 

One is likely to give the Coccinellidae and the Syrphidae some of 
the credit for aphid destruction which is really due to the Chrysopidae, 
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'or on examination of an aphid-infested plant, these insects are usually 
irst seen, the chrysopids being more difficult to find. 

The parasitic Hymenoptera and the Coceinellidae are generally 
iiore plentiful and more effective checks upon aphids than the chrys- 
inids though this varies with the locality and other conditions. In 
jne field where the melon aphis was plentiful, these enemies were very 
scarce while Chrysopa oculata was exceedingly abundant. 

descriptions of the life stages of the species 

It will be soon observed that the chief points emphasized in the 
following descriptions are color patterns. The reader is cautioned 
against too strict interpretation of color shades and of sizes and shapes 
of spots, for both are subject to variation. However, the variation does 
not extend to such lengths as to make the species difficult to recognize, 
with the possible exception of the rufilabris-plordbunda group. With a 
little practice, all the larvae described may be recognized at a glance in 
the third instar. The other instars are more difficult of recognition 
because of size and less distinct coloration. 

Chrysopa oculata Say (Plate LXXIX) 

183 S Chrysopa oculata. Say, Journ. Acad. Nat. Sci. Phila., vol. 8, p. 9-4€. 

1839 Chrysopa chlorophana. Burmeister, Handbuch. Ent., vol. 2, p. 979. 

1855 Chrysopa albicornis. Fitch, First report, p. 84. 

1903 Chrysopa chlorophana. Banks, Trans. Amer. Ent. Soc., vol, 29, p. 147. 
1903 Chrysopa aJMcomis. Banks, Trans. Araer. Ent. Soc., vol. 29, p. 149, 

1903 Chrysopa oculata. Banka, Trans. Amer. Ent, Soc., vol. 29, p. 152. 

Chrysopa alhicornis Pitch is placed under C. oculata Say for the 
following reasons : 

1. There is no definite boundary between the two forms, the only 
differences being in their size and in the degree of darkening of the 
wings. A series may be readily arranged from one to the other. 

2. The great majority of specimens answering the description of 
the former are males. It has been found that the males show a tendency 
to be smaller and darker than the females. 

3. The progeny of several females answering the description of 
dbicornis gave all medium -dark-winged to light-winged specimens 
(oculata). 

4. The dark specimens cross readily with any variety of C. oculata. 

5. The dark specimens occur with G. oculata in nature in the same 
liabitats and have no distinguishing habits. 

6. The eggs and the larvae of the two forms are indistinguishable. 




CHBYSOPA OCULATA 

2. Newly hatched flrst-instar 
3 X ahniit’ abdomen ahowlngr coloration due to first meal, 

prothorax of It t' showing lid, x about 10^. 5. Head and 

X abouT ^ showing color pattern, x about 10%. 6, Second- Instar larva, 
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Q. chloropnana Burm. is included under C. oculata Say for the 
follov’ing reasons : 

1. The progeny of wholly -green-winged females have nearly always 
been ocuMa. Veiy few forms with wings of a permanently pure green 
have yet been obtained in rearings from any variety of oculata.^ 

2. The great majority of individuals of this variety have been 
found to be females. Males are scarce. Females of 0, oculata of the 
dark medium type tend to be larger and have lighter wings, and so a 
series can be arranged from the darkest to the wholly-green-winged 

varieties. 

3. C. chlorophana crosses readily with any variety of G. oculata, 
including alhicornis. 

4. It occurs in nature with C. oculata and can be taken in the 
same habitat. 

5. The life history stages of the two forms are indistinguishable. 
The average len^h of time for the various stages of the life 

history of ten individuals of Chrysopa oculata reared in the laboratory 
in the early spring of 1916 was, respectively : egg stage, 5.4 days ; first 
instar, 7.3 daysj second instar, 3.9 days; third instar to spinning of 
cocoon, 3.9 days; within the cocoon, 26 days. 

This is by far our most abundant species. The writer has collected 
specimens in New York, Ohio, Virginia, Wisconsin, and Kansas. The 
species is a member of the field group, and in general collecting in the 
East it always predominates. It has the greatest range of any of our 
species. Descriptions of the stages from the medium-dark-type parent- 
age only are here given, as the types are ail identical. 

Egg. — Elongate*elliptical, light bluish or yellowish in color, normally on a 
4ong, hyaline stalk. Chorion smooth, unmarked. Mlcropyle button-like, white, 
[rarely with a tinge of green. Length of 1.03 to 1.1 mm.; diameter, 0.42 to 
1.49 mm.; length of stalk, 3.4 to 4.8 mm. 

FirsUnstar larva (just hatched). — A large black spot on dorsum of head, 
leeply notched behind. Body gray to flesh-colored. Two setae from protho- 
aclc tubercles; three from each mesothoracic and metathoracic tubercle; two 
lach, an upper lai^e one and a lower small one, from abdominal tubercles 2 to 
dorsal tubercles on thorax prominent, each bearing a single seta; an outer 
)air of dorsal tubercles and an inner pair of papillae on each of abdominal 
segments 1 to 6, each bearing a single seta. Dark spots around base of each 
>f the abdominal dorsal papillae and tubercles. Total length of larva, 1.88 mm.; 
engtb of head, 0.54 mm.; length of mandibles, 0.39 mm.; width of head, 0.33 
nm.; width at metathorax, 0.38 mm.; length of longest setae on body, 0.47 mm. 

Second-instar larva. — ^Head with same coloration as in previous instar; 
intennae, jaws, and palpi yellowish to brownish in color; prothoraclc tubercles 
prominent, dark in color; a patch of light brown or reddish brown on anterior 
dfle of stalk. About ten long and short setae from each tubercle. Mesothorax 
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and metathorax very similar; first subsegment of mesothorax entirely grayish 
less commonly witb slight reddish areas on each side of dorsal vessel; firs' 
subsegment of metathorax very smalh entirely gray except a small white 
on each side of dorsal vessel; second subsegment of each of similar color patterh 
tubercles entirely white to light grayish; on each side of dorsal vessel a wfiui 
area. First segment of abdomen rounded at sides, not bearing tubercles; 
lateral tubercles on second segment prominent, dark brownish black; on 
segments 3 to 7 inclusive, lateral tubercles white, with a small, reddish brown, 
elongate spot on upper side of each stalk; setae and their bases black; outer 
dorsal tubercles bearing two setae each, the inner pair one each; just in front 
of outer pair of dorsal tubercles, a prominent reddish brown to flesh-colorer 
spot. Total length from tail to tips of mandibles, 4.8 mm.; width at meta- 
thorax, 1.3 mm.; length of mandibles, 0.53 mm.; width of head, 0.6 mm.; length 
of head, 0.3 mm. 

Third-instar laru a. —General coloration and form very similar to that of 
second instar. Dorsal head pattern distinctive of instar. Head grayish, 
three large, distinct, black spots on dorsum; mandibles amber-colored; antennae 
dark. Legs dark near joints. First subsegment of prothorax having grayish 
area in median line; base of first pair of tubercles reddish brown; second and 
third lateral tubercles yellowish, bearing fifteen to twenty setae each; a large red- 
dish brown patch near base of stalk on anterior side of each; an irregular reddish 
brown area on each segment from base of stalks to yellow border of dorsal 
vessel. First pair of lateral abdominal tubercles lacking; second pair brownish 
black, specific; other tubercles reddish brown, but with their bases yellow, 
forming an irregular yellow border for the abdomen on each side; reddish 
brown area extending forward in front of each abdominal tubercle, reaching 
yellow border of vessel; a yellow area reaching this reddish area just in front 
of it. Eighth abdominal segment yellowish in center, borders pale; ninth 
segment with brown area in front; tenth segment nearly wholly brown. 
Length, 9 mm.; width at metathorax, 2 mm. 

Pupa . — (The larva usually spins a pure white silken cocoon, but it may fail 
to do this.) Appearance of cocoon papery, with straggling threads issuing. 
Length of cocoon, 3.4 to 3.6 mm.; width, 2.7 to 2.9 mm. (For characters of 
pupa, see head characters of adult). 

Adult . — Face pale yellowish; two broad loops of shining black under both 
antennae; median prong of color ending between antennae; a prominent loop 
of black near each eye, joining suh-antennal loops; a red or reddish yellow 
triangle above, with four occipital dots above this, these dots often connected; 
occiput distinctly yellow; basal joint of antennae and antennal areas of head 
gray to yellowish; second joint of antennae with black ring; remainder of 
antennae very light brown; clypeus reddish, with black dots at sides; labruai 
reddish; palpi broadly banded with black. Two prominent black spots at 
outer anterior margins of prothorax; eight small black dots on dorsum of 
prothorax behind these, often indistinct. Thorax and abdomen light green, 
generally unmarked except by darkened areas Of viscera. Wings hyaline, 
varying from having all veins and velnlets g^reen to a considerable degree of 
darkening; tips rounded. Length from head to tips of wings, 15 to 20 nun. 
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Chrysopa nigricornis Burmeister (Plate LXXX) 

) Chrysopa nigricornis. Burmeister, Handbueh But., voL 2, p. 979. 

[ Ciirysopa nigricornis. Hagen, Synopsis Neuroptera N. Amer., p. 214. 

3 * Chrysopa nigricornis. Banlcs, ^rans. Amer. Ent. Soc., vol. 29, p. 149. 
Chrysopa nigricornis is one of our largest species. Adults can be 
en at lights from June to September. This is a tree and shrub species. 
r?ae have been repeatedly taken on maple trees in late summer, when 
painted maple aphis is most abundant. The species has also been 
en repeatedly on oak, elm, tulip tree, spiraea, and red osier (dog- 
ad). Specimens have been collected at Ithaca, Milwaukee, Dayton, 
arlottesville, and Manhattan (Kansas). 

The life history of some of the specimens observed may be sum- 
rized as follows : 


(UiTibcr of 

tpeciraen 

Date egg 
was laid 

Date of 
hatching 

Date of 
first molt 

Date of 
second molt 

Date cocoon 
was spun 

Date adult 
emerged 

54.1 

Sept. 2 

Sept. 7 

Sept. 11 1 

Sept. 16 

Sept. 

28 

Wintered 

54.S 

Sept. 2 

Sept. 7 

Sept. 11 

Sept. 17 

! Sept. 

28 

Wintered 

54.2 

May 22 

May 27 

June 6 

June 9 

June 

12 

June 25 

56.4 

Dec. 9 

Dec. 16 

Dec. 21 

Dec. 24 

Dec. 

29 

Jan. 9 

67.5 

May 22 

May 28 

1 June 6 

1 

June 9 ' 

June 

12 

June 28 


Egg . — Elongate elliptical, light green with yellowish tinge, becoming more 
low as embryo develops. Eggs laid singly or in close groups. Length of 
i;, t02 to 1.09 mm. ; width at middle, 0.38 to 0.42 mm. ; length of stalk, 7.5 to 
imm. 

First-instar larva. — Head grayish or yellowish, large with three spots above, 
orax grayish to dark; whitish area on each side of dorsal blood vessel 
ougbout its length. Two setae from prothoracic and all lateral abdominal 
lercles; three setae each from meso- and metathoracic lateral tubercles. First 
) pairs of thoracic tubercles grayish to yellowish; third pair black or reddish; 
It pairs of lateral abdominal tubercles white, fairly well developed. Medial 
ae prominent. A dark spot at base of each dorsal abdominal tubercle. 
Ugth of newly hatched larva, 1.5 mm.; width of head, 0.32 mm.; width at 
tathorax, 0.32 mm.; length of lateral setae, 0.29 mm. , 

Secondrinstar larva . — Three separate spots on dorsum of head. First two 
its of lateral tubercles grayish; third pair dark brown to blackish brown. 
[St abdominal segment bearing a pair of small lateral tubercles beset with 
)ut five short, white setae. Dorsum of abdomen dark; border of gray on 
|h side of vessel; near end of instar, reddish spots appearing in this gray 
^er. First two abdominal tubercles white to gray; others dark to brownish 
Kk; tubercles bearing six to ten setae each, two large, the remainder smaller, 
rly second-instar larvae rather dark; late second-instar larvae reddish brown, 
|ch like G. oculata; color pattern tending to break up into irregular reddish 
patches. Legs wholly gray; distal ends of tibiae and tarsi black. Width 
pead, 0.57 mm.; length of mandibles, 0.49 mm.; length of antennae, 0.8 mm.; 
pi length of larva, 5.96 mm.; length of setae, 0.46 mm. 





CHRYSOPA NlGRICORNia 

1, Cocoon showing black disk of last larval molt. 2, Mature second-instar 
Early third-instar larva. 6, First- instar larva, just 
hatched. 6, Head of adult, the two- spotted type 
(All X about 10%) 
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fjiird'instar lortya.— Head gray or yellowish; three separate black spots above; 
landibles, palpi, and antennae light amber, tips of mandibles darker. First 
ybsegroent of thorax gray, darker at sides; second subsegment largely dark 
rown to brownish black, border smoky gray, reddish below; reddish between 
jotboracic depressions. First subsegment of mesothorax gray, crossed by red- 
isb areas; second subsegment reddish black except grayish borders and a small 
ray area on each side of dorsal vessel; in these gn*ay areas some bright red 
Jots. Prothoracic and mesothoraclc tubercles similar, bearing twelve to 
gbteen setae; bases of all black; apical setae larger than basal ones. Meta> 
lorax black or brownish black except a prominent gray area on each side of 
jssel, with bright red spots in same. First abdominal tubercle well developed, 
ire white, bearing white setae; second pair of tubercles also white, with a 
Dge of red on stalks; remainder of tubercles alike, grayish variously marked 
ith dark red, bearing twelve to fifteen setae, three to five large black ones 
nd tbe remainder smaller and white; from border to gray area along vessel, 
lack, almost uninterrupted in early third-instar larvae, later breaking up into 
oorly defined reddish black blotches. Width of head, 0.92 mm.; length of 
landibles, 0.8 mm.; total length of larva, 9.1 mm.; width at metathorax, 3 mm.; 
ingth of abdominal setae, 0.7 mm. 

Pttpa.— Pupal stage generally passed In a silken cocoon. Cocoon elongate 
pherical, pure white, appearing like paper but with few free threads; opening 
y lid at upper end. Length of cocoon, 4.1 mm.; width, 3.3 mm. (For late 
upae, the head characters of the adult are useful in identification.) 

I AdttZt.— Head grayish green, darker above; usually two elongate marks on 
Lter margins of clypeus (in some cases two more black dots on genae) ; clypeus 
hth row of setae; labrum distinct, bordered with setae; area about basal 
^tennal Joint depressed, first joint grayish green, from the second to the end 

! about the basal fifth jet black to brownish, fading into light brown which 
Tsiats to tip. Prothorax wholly green, usually with two black spots at outer 
iterior margins; two or three small median black dots seen in some specimens, 
herwise entire thorax and abdomen light green. Wings long, acute at tips, 
ther narrow; pterostigma prominent; gradate veinlets and others dark. 
‘Dgth of adult, 15 to 20 mm. 


Chrysopa quadripunciata Burmeister (Plate LXXXI) 

139 Chrysopa quadripunctata. Burmeister, Handbuch Ent„ vol. 2, p. 980. 

151 Chrysopa quadripunctata. Schneider, Symb. ad monograph, gen. Chryso- 
pae, p. 84. 

161 Chrysopa quadripunctata. Hagen, Synopsis Neuroptera N. Amer., p. 218. 
103 Chrysopa qtiadripunotata. Banks, Trans. Amer. Ent. Soc., vol. 29, p. 153. 

The species Chrysopa quadripunctata also is arboreal. It was 
ta most frequently in a dense thicket of oak and underbrush at 
harlottesville ; at lights and by sweeping goldenrod in shaded localities, 
referably near oaks and on maple and spiraea, with C. nigricornis, at 
thaca and Milwaukee ; in dense woods on goldenrod at Dayton ; on elm, 
l^ple, and apple at Manhattan. This is a very beautiful species and 
i quite distinct. In habits it is much like C. nigricornis^ except that the 
irvae are very frequently seen with some trash on their backs. 
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The life history as observed in some specimens may be summarized 
as follows : ' 


Number 0 | 
specimen 

Date egg 
was laid 

Date of 
hatching ! 

Date of 
first molt 

Date of 
second molt 

Date cocoon 
was spun 

Date adult 
emerged 

71 ' 

72 

73 

Sept. 9 
Sept. 7 
Sept. 6 

Sept. 15 
Sept. 11 ; 
Sept. 10 

Sept- 19 : 
Sept. 15 1 
Sept. 14 

Sept. 24 
Sept. 20 
Sept. 18 

Oct. 8 
Sept. 28 
Oct. 3 

Wintered 

Wintered 

Wintered 


fjffo —Stalked, laid singly; oftenest found on trees (especially maple) and 
shrubs Smaller than most chrysopid eggs, very light green to yellowish green. 
Chorion unsculptured. Length^of eggs, 0.84 mm.; width, 0.38 mrh.; length of 
stalk, 4.4 to 4.6 mm. 


First-instar larva . — ^Very pale, somewhat translucent. Contractions of 
pharynx observable as larva feeds, appearing as an hourglass^shaped structure 
in dorsal view, slightly darkened; later four narrow bands on dorsum of head, 
converging behind. Body unmarked except anterior of abdomen, which is 
darker, due to food. Lateral tubercles prominent; setae long and stout, two on 
each prothoracic tubercle, three on each meso- and ^ metathoracic lateral 
tubercle. No setae on first abdominal segment, which is also without tuben 
cles; on each of lateral tubercles 2 to 7 inclusive, two setae, a large upper and 
a small lower one; two pairs of dorsal papillae on each abdominal segment from 
first to sixth inclusive; on thorax and beyond sixth segment, but one pair each. 


8econd4nstar larva . — General color gray, with brown to brownish black mark- 
ings. Head entirely gray above; two pairs of converging black marks at mid- 
line; two narrow bands extending posteriorly from outer margin of antennae 
and converging; two others between these, shorter, converging behind. First 
subsegment of prothorax grayish white, both above and on sides. Thoracic 
tubercles large and prominent, wholly light grayish in color; setae mediuin 
long, eight to ten on each tubercle ; paired dark brownish to black markings on 
thorax at each suture; black of dorsal vessel widening out at each suture, 
between these large patches of color and the sides, smaller areas of reddish 
brown. Fifth, sixth, and seventh abdominal segments with a little of this red- 
dish brown mixed in the large spots; eighth abdominal segment with a large 
central black spot ; ninth with a basal black spot ; tenth slightly yellowish brown, 
without dark spots; segments 2, 3, 4, and 5 showing brownish spots on sides 
beneath lateral tubercles; a few dorsal setae, small and inconspicuous, most 
prominent on segments 5, €, 7, and S. 

Third-iTistar larva , — General color gray, marked with brown to brownish black. 
Head grayish, four converging narrow brown bands above; middle pair of 
bands short, curved toward each other abruptly, and extending posteriorly to 
middle of head; outer pair narrow in front, broadening out in posterior halt 
extending from bases of antennae to first subsegment. Lateral tubercles of 
thorax and abdomen wholly gray. Two patches of brownish extending from 
prothoracic depression to metathorax, these increasing in width until they 
broadest at metathorax, so that this is the darkest part of the body, Promlnetl 
gray bordering each side of dorsal vessel. Thoracic markings extending back 
over abdomen to fourth abdominal segment, decreasing in intensity and 
appearing at fourth segment; from fourth to seventh segment, abdomen mosu? 
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gray; first abdominal segment with no prominent lateral tutercl^ but soate 
Sort setae on sides; some variation in coloration, chiefly in the amount o{ 
brown. (This larva was nearly ready to pupate; less advanced cmes are darker.} 

Pupa,-Cocoon slightly elongate spherical, 
of cocoon, 3.4 mm.; width, 2.6 mm. Late pupa with markings of adult tainu, 
outlined. Early pupae difficult to classify. 

Adult Head yellow above, gray below ; antennae with a prominent reddiai 

brown or* maroon stripe from eyes to mouth; an orange spot between basest 
antennae; a pair of elongate orange spots above eye; ocdput pure yellow; distal 
sLment of palpi brownish; antennae wholly pale. Body bluish green, with, 
falriy prominent yellowish dorsal area. Prothorai marked above with tir, 
mirs of orange spots. Mesothorax with a pair of orange spots in front Abdi 
men yellowish above, green on sides; first three segments variously marhej 
with orange on sides. Wings fairly broad; front pair scarcely acute at tips; 
hind pair acute at tips; gradate veinlets brownish black; ends of cos tala am 
radial sectors brown; pterostigma distinct. Length of adult, 12 to 16 ram. 

(There is some variation in the size and intensity of the color spots. The 
orange spots vary to reddish and the yellow dorsal area varies in prominence. 
There is also some variation in the length of the adults.) 


Chrysopct chi Fitch (Plate IjXXXII) 

1855 Chrysopa chi. Fitch. First report, p. 87, 

1856 ‘Chrysopa upsilon. Fitch. First report, p. 87. 

1861 Chrysopa chi. Hagen, Synopsis Neuroptera N. Amer., p. 213. 

1861 Chrysopa ypsilon. Hagen, Synopsis Neuroptera N. Amer., p. 213. 

1903 Chrysopa chi. Banks, Trans. Amer. Ent. Soc., voL 29, p. 148. 

1903 Chrysopa ypsilon. Banks, Trans. Amer. Ent. Soc., vol. 29, p. 148. 

The two species Chrysopa chi and C. upsilon are described by Fitch 
and designated the X and Y spotted golden eyes. Hagen (1861) redi^ 
scribed both species, and after his description of C. ** ypsilon^ ^ he added: 
“At first sight it resembles the preceding [C. chi] ; is it differentf'’ 
Banks (1903) describes the two species in comparison, and adds: “It 
[C. ypsilon^ ^] is very close to Ch. chi, but the difference in head-mari 
ings appears to be constant.” 

The writer has carefully reared both the X and the Y variety, auii 
has concluded that they are the same species for the following reasons: 

1. Batches of eggs from either variety yielded adults marked the 
same as the other, as well as intermediate varieties. 

2. The larval colorations were identical. 

3. The adults of both varieties occurred in the same habitats. 

4. There was an intergradation of the head markings. Six steps 
in this intergradation are shown in Plate LXXXII, 7, and others may hj 
added though they are less distinctive. To illustrate the proportion of 
each of these steps, the catch from a trip on June 22, 1916, was classifiei 
These specimens were all taken within an area of an acre. Of the 
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ecimens, were No. 1, or true C, chi, 17 were of the second variety, 10 
•re of the third, 15 were of the fourth, 11 were of the fifth, and 14 ^were 
sixth, or true upplon, variety. 

Both of these species were described by Fitch at the same time, and 
I the same page of his report. C. chi was the first described, and 
^refore becomes the true species, and C. upsilon becomes a synonym. It 
mears from rearings and collections that 0. chi is slightly more abun- 
int than C. upsilon. It is an early species, having been found fairly 
jundant at the McLean bogs in the middle of June, in goldenrod 
itches. It has been taken aiso in Ithaca, along shaded hedges and on 
liraea, in J une. 

iThe life history of some specimens of C. chi may be summarized as 
iUows : 



























The life history of some specimens of the upsilon variety was as fol- 

^s: 


umber of 
specimen 

Date egg 
was laid 

Date of 
hatching 

Date of 
first molt 

Date of 
second molt 

Date cocoon 
was spun 

Date adult 
emerged 

60.1 

July 15 

July 20 

July 24 I 

July 27 

Aug. 1 i 

Aug. 

15 

60.2 

July 15 

July 20 i 

July 24 : 

July 26 

July 30 1 

Aug. 

15 

60.3 

July 15 

July 20 

July 24 

July 25 

Aug. 1 

Aug. 

15 


Egg . — Light bluish green in color, with a distinct yellowish tinge. Nor- 
,lly stalked, laid singly. Micropyle white ; micropylar network pattern indis- 
ct. Length of egg, 0.99 to 1.07 mm., average 1.05 mm.; diameter, 0.46 to 0.5 
1 ., average 0.49 mm. ; length of stalk, 4.49 to 5 mm., average 4.68 mm. 

First’instar larva (one day old).— Almost identical with the first-instar 
va of C. ocuJata. One large black spot covering dorsum of head; a promi- 
at notch at posterior border, extending nearly to middle. All lateral tuber- 
s except meso- and metathoracic having two prominent setae projecting 
erad; meso- and metathoracic lateral tubercles having three setae each; 
eral tubercles fairly prominent. Body entirely yellowish gray; a pair of 
)wnish spots in front of mesothoracic depressions; metathoracic tubercles 
tk a large area of basal part brownish, this being the darkest part of the 
iy. First abdominal segment without lateral tubercles; segments 5 to 8 
ilusive with brown spots at base of large outer pair of dorsal tubercles; 
ith segment with three longitudinal dark lines; dorsal tubercles on segments 
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CHRYBOPA GHl ^ 

siSitlip-SnSS.« 

LS; 7«;a typical Y, or upsilon, variety 
(All X about 10%) 
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I tc. 7 Bearing two setae each; dorsai papillae verv 

bne seta each. Total length of larva, exteld^ 2 S ^ having 

^or.x, 0.76 mm.; width of head, 0.42 mm. mm.; width at meta* 


.^exonMnstar iarp a.— General color grav with k 

klank markings. Head gray, with large%fack undivldPd ^ brownish 

Co lateral thoracic tubercles gray. Prothofax 
Lsal area between depressions. Anterior luLZment ^ 
grossed by reddish bands; posterior aubsegmem iSivLal gray, 

fed; stalks of tubercles white, but with traces* of brown 
Mctothoracio tubercles entirely brownish black to velvety bS 
to whitish border of dorsal vessel of each stalk the <?aniP in 
the darkest part of the body. First abdominal secment wltin 
lubercles, but generally with a rounded swriHng ot™ 0^51^6" (hi "'*' 
ind the tubercles on segments 2 to 4 inclusive erav- *’ I® swellings 

p-ay, but in some cases slightly marked with bro^^ eSh^ahdn 
•eddish yellow, with three black lines- ninth and /pnth ^ segment 

/ellow; lateral setae long, gray in color, six ^o^ourteerSm reddish 

til thoracic papillae and dorsal abdominal tubercles and^rfJnui tubercle; 

nent, gray; on segments 5 to 8, dorsal tubercles black 
riangular, black color patches. AH lateral tubercles ctav 
T otal length from tips of jaws to tail, 0.29 mm • width^t metathoracic. 

width of head, 0.64 mm.; length of head aTjkws 0 96 

thoracic setae, 0.76 mm. length of longest 

Third-insiar Ian;a.— Color dark brownish rpd • x. 

white border. Head with three large black soot*? khnv^ grayish or yellowish 
amber^oiored. First subsegment gSy Betw^n 
reddish. First two pairs of thoracic tuberd^mrgelfwS m 
dark reddish velvety brown; bases of stalks ^ pair 

darkest part of body; an irregular grayish or yellowi ^ 

dorsal vessel on thorax. Abdomen entlrelv rpddS m ^ 

and tubercles, which are yellowish. No^lateral^timpr^i papillae 

segment. Lateral tubercles back to eighth seempnw ^ abdominal 

Df gray extending antero-laterad from each d^saThihY T a dash 

^•ith the gray along the dorsal vessel and the 
ight peas on the abdomen. Stalks and bases^oMateraW,’ 
reitowLSh, forming a light border on each sidp nf *hl i ^ tubercles gray or 
yellowish marks on highest parts between sutures^ irregular paired 

welve to fifteen on each knob; ventral sldp ^ t^^omment, from 

segment caudad brownish, a pair of tHanlnlpr^h ^ seventh 

™th segment. Width of Cd ^ to 

^idth at metathorax 172 mm mandibles. 0.88 mm.; 

etae, 1.2 mm. ' ^ 7.1 mm.; length of longest 

'fthe texture ^ofcoarsrpa^r^-^'^S^Ll^^^^ closely woven silk, 

appearance. Length of cocoon 9 ^ pving it a slightly woolly 

'«pa, ..e facial pratS^^hlreU'ofa^^ »' 

wSl^ref Heaa and thorax pro„i- 

-- P-erC 7V:nt7rr/on=‘ts ^1^7 
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^ twn amall spots near tlie upper border of each eye; t,. 

below each eye, . “g of clypeus; labrum and mouth parts brownist! 

black spots on ^itix bto, other segments spotted. Basal 

last segment of palpi with a black ring; remainder of anteC 

of antenna green, -^lack spots on pronotum, symmetrically arran^ 

brownish. Three three pairfol b^k spots, one behind the wings, 
Mesonotum *ewhat acute at tips, hyaline; longitudinal veins 

of mostly blackened at one or both ends; graj^ 

sS ThollT Wack- 

Length of adult, 13 ^ „£ six or eight varieties In the iatt, 

(As previously point d ^^t^^ now to be small necessity for tlm, 

antennal ““i''®, ‘In^iiermore, there is a marked difference in the coii^. 
l^Clf"X'of tt This is variously marked, from the c,. 

moner green to entirely brownish black.) 

Ckrysopa rufilabris Bumeister (Plate LXXXIII) 

IsB? clZom lSST’s“ad moSo^Iph.^b^ 

, 

The species Chrywpa nt/tiabm varies considerably and many sp«. 
mens do not exactly fit descriptions. There appears to be a gradatoo, 
from rufilabris to interrupta. In these studies the specific name infer. 
Sa applied to very light, “straw yellow” specimens, an 
Zflabris to the darker forms. The latter are by ar the mos abundant 
It IS not unlikely that these two species are in reality one, but the writ t 
has not had sufficient material of mierrupta for study to justify definih 

conclusions. ! nir*! i •, 

C. rufilabris is widespread in its distribution. At Milwaukee i 
was the most abundant species at lights. Specimens have been taken at 
Ithaca at lights, in woods, and in shaded goldenrod patches, Ua - 
lottesville they were most abundant m a dense grove of oak and pice. 
At Dayton, Ohio, they were taken in a goldenrod patch along a fence ci 
an oculata habitat. ^ The species is predominately, however, a woods 

^ Elongate elliptical, very light green to faint 

Stalked, laid singly on leaves of maple and fruit ^ ^ oiS mffi' 

trunk and leaves of oak. Length of egg. 0.88 mm.; greatest diameter, 0.4S m, 

length of stalk. 4.0 mm. . .fiindv 

FirsUnstar lajTa.-Head very large, out of Proportion to rmainder of t jy, 
gray, with two hroad, longitudinal, convergent, faded black hands o^ m 
arising inside of bases of antennae, and extending posteriorly A -jg. 

of head. Antennae and palpi grayish translucent. First 
thorax translucent; second subsegment wholly translucent hut with 
. tinge; depressions prominent, dark brown to black. Next two thoracic sepn 
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and first eight segments of abdomen haring same general pattern; each bean 
a pair of prominent lateral gray tubercles and a pair of gray dorso-median tiS 
cles with blacfe tips; ninth segment of abdomen withoiU lateral tubercles; S 
segment cylindrical, dark brownish black; each lateral tubercle bearing 
setae except meao- and metathoracic pairs, which bear three each. Dorwl 
vessel indistinct; general color of dorsum faint pinkish, darker in ameri 
abdominal region due to food taken in. Legs translucent, with dark smoky ar? 
on distal ends of femora and proximal halves of tibiae; . tips of tarsi b2 
Liength of larva, 1.2 mm.; width of head, 0.4 mm.; width at metathorax, 0.36 ^ 

Second-instar larva . — Head with two large converging black spots abo*,. 
jaws dark, tips amber; palpi and jaws with amber tinge. Prothorax with a ligk! 
yellowish central area, on each side of which is a border of dark reddish bro^ 
All tubercles very small, inconspicuous, white or light yellowish in color; stalk 
short; setae short. Between prothoracic depressions and extending posteriorir 
a dark reddish brown area. Meso- and metathoracic tubercles having proJi 
nent yellow areas circling their bases, extending medianly and slightly pogT 
riorly. On each side of the dorsal blood vessel a rather regular pinkish area 
Abdomen bordered on each side by a white to yellowish white border, wbiei 
increases in width to sixth segment; ninth segment with three dark spil 
above; tenth segment yellowish white. Between yellow side borders of abdomHi 
and yellowish borders of dorsal blood vessel, color dark reddish brown, 
very dark, blackened near joints. ^ 

Thirdrinstar larva . — Head pale yellowish gray, with two longitudinal, je{. 
black, converging bars on 'dorsum, these bars pointed anteriorly and broad^t at 
about the middle. First subsegment of prothorax smoky gray in color, crossel 
by two brick-red dorso-median bands which extend back over second subsegmem 
and converge between its depressions; lateral tubercles and border of segm® 
distinctly yellow. Mesothorax much like prothorax; entire median part a ridi 
.velvety, very dark red ; lateral .tubercles prominent, wholly yellow, bearing troni 
ten to fifteen colorless setae; a large yellow spot around base of each tukrck 
giving segment a prominent yellow border on each side. Metathorax like mm 
thorax except that the posterior half of the median area is bright reddish wiik 
the anterior half is dark velvety red. Abdominal segments all of same general 
pattern, dorso-median part bright red, darker red outside this area, and yellow 
border, including lateral tubercles; eight to ten colorless setae from each lateral 
tubercle, anr^ one or two small setae from two pairs of dorsal papillae oi 
posterior third of each segment ; posterior five or six segments darker red than 
anterior four or five; last segment largely black. Dorsal vessel dark red to 
black ; border very light red, gradually increasing in intensity to dark red ol 
dorso-median part. Venter gray ; tubercles yellowish. Length of larva, 11 
mm.; width at metathorax, 2 mm, 

(There is a great variation in the intensity of the reds and yellows of (Iib 
species in the same locality and in different localities, making this the most 
puzzling species yet studied. Some larvae are very light and faded, especially 
near the end of the third instar. In such cases they may show no trace ol 
yellow in the borders, this color being replaced by some shade of gray. Id 
some specimens the head spots extend in a gentle curve, in others they are 
distinctly angular. The writer has reared some twenty specimens of a species 
thought to be C. harrisii, but the emerging adults were as near rufilal^i is 
han*isU, These larvae differed from rufilabris in having the jaws and the legs 
quite black, abdominal tubercles 2 to 4 inclusive marked slightly with reddisli. 
and the general body color in some a duller red, and in others, or in differeot 
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witbin tbe Instar, a purplish red. The adults had the characters of 
except that the gradates and a few other veins were partly marked 
brown, the wings were less acute than in Tiarrisii, and the head coloration 
not anite true to description. Knowing the possibility of variations in this 
[es tbe writer h^itates to describe it as a new species until further rearing 
Deen done.) 

Pitoo.— Cocoon silken, oblong spherical, white, closely woven but revealing 
mioa within to a greater extent than in any other species seen; outer layer 
Loon fairly coarse, inner layer paper-like. Found commonly on maple 
es Length of cocoon, 3.26 mm.; width, 3.07 mm. Pupa possessing facial 
•acters of adult; body very light green in color. Total len^h of pupa, 4.03 
■ width of abdomen, 7 mm.; length of wing pads, 1.92 mm. 

— ^Very pale green to yellowish green, with ivory median stripe. Face 
Qwisb white; a faded red stripe from each eye to mouth. Mouth parts and 
(I yellowish. Basal joint of antenna yellowish gray, remainder of antenna 
t brownish. Legs yellcfwish gray, with a tinge of green in parts. Under 
of body yellowish. Wings long, very slender; apex angular; gradate vein- 
light brown, costal veinlets brown at ends, many others wholly or in part 
thrown; longitudinal veins all very light green; veins of hind wings all 
i light green except gradates and costals. Total length of adult, 14 to 16 mm. 
(There is considerable variation in the adult, especially in color shades. 

I shape of the wings appears to be constant, likewise the brown color of the 
dates. The body appears to vary in color from distinctly green to almost 
jr. The median dorsal stripe varies from yellowish to ivory white. The red 
pe from the eyes to the mouth varies from distinct cherry red to pink.) 

Chrysopa plorabunda Fitch (fig. 161) 

5 Chrysopa plorabunda. Fitch, First report, p. 88. 

1 Chrysopa plorabunda. Hagen, Synopsis Neuroptera N. Amer., p. 221. 

3 Chrysopa plorabunda. Banks, Trans. Amer, Ent. Soc., vol 29, p. 155. 

7 Chrysopa plorabunda. Banks, Cat. neurop. ins., p. 28. 

Chrysopa plorabunda was found to be the most abundant species at 
mhattan, Kansas, from early spring to late fall. It was found to be 
)eeially abundant in summer in alfalfa fields, in corn and sorghum 
Ids, on willow, and on trees on which woolly aphids were plentiful. At 
laca several specimens thought to be of this species were collected in 
itrawberry patch near a wood, but they were a darker green than the 
insas specimens. No eggs were deposited. At Charlottesville a third- 
tar larva was taken in sweeping a clover field on May 17, 1918. 

The life history does not differ from those of the oculata and 
groups. It may be outlined as follows : egg stage, 3 , to 5 
ys ; to first molt, 2 to 5 days ; to second molt, 3 to 5 days ; to spinning, 
:o 8 daj^s ; to emergence, 8 to 20 days, 

elliptical, light green in color with a decided yellow tinge; 
Ik hyaline. Stalked as in other species and deposited singly or in irregular 
hips. Length of egg, 0.87 mm.; greatest diameter, 0.37 mm.; length of stalk. 
« to 3.82 mm. 
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FirsUnstar torva.— Head with two elongate, converging, longitudinal, biapi 
bands widening gradually to twice the vrtdth toward 

Kr. Body predominately gray, with two broken and Irregular, 
rSdlsh brown bands on each side of dorsal vessel, extending full length « 

instar, e^cepuj 

f broadening abruptlv 

behind,. Thorax ani ; 
abdomen each with 

Fig. 161. cniiYsoPA plorabtjnda a pair of amber 

A, Egg, one day after deposition. B, Early third-lnstar brown or light browB 
larva. C. Cocoon. D, Cephalic view of head and dorsal view spots, at anterior 

of adult border on thorax, 

^ very irregular and 

broken up on abdomen; lateral tubercles rather small, wholly gray; eight or more 
small, colorless setae from each ; a gray border on each side of abdomen. Legs 
dark, a grayish area around middle of femora and tibiae. Length of larva, 5 
mm.; width at metathorax, 1.5 mm. 


TMrd-instar larva . — Head predominately gray; two converging black or 
brownish black bands on dorsum of head, arising at inner side of bases of 
antennae, widening at base of head ; jaws ambeir ; palpi and antennae very 
amber; eye spots jet black. Body predominately gray to slight yellowish 
gray, spotted with light red (near flesh color) ; anterior thoracic de 
presslons black, each enveloped by a large, elongate, 'reddish spot; 
mesothorax with a pair of large triangular spots on each side of dorsal 
vessel; on remainder of thorax and abdomen, the spotting irregular and much 
broken up; lateral tubercles medium, wholly yellowish gray, forming a 
border on each side of body; setae medium in length, colorless; dorsal papilla* 
and tubercles all gray or yellowish gray; first abdominal segment with verj 
small lateral tubercles, each bearing one or two very Urnall setae. Legs pre- 
dominately gray; smoky or somewhat blackish areas distally on femora, proii- 
mally and distally on tibiae; tarsi predominately black. Venter smoky 
yellowish gray, with a reddish border of spots below lateral tubercles. Len^ 
of larva, 8 mm. ; width, 2 mm. 
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(This larra resembles that of r ». • 

= a.r„V£;n'" ^ 

Pmjjo.— C ocoon of white sillr snmpwr, * * ^ body.) 

rtt/itofins. Length of cocoon s transparent, almost aa 

■ -rE.nEa o, UT (Pup^t;* tZ 

AduU.~OnB of the most beautiful nf , 

romiura green); head somewhaf ^ ^ Body TPiinw^.i, 

m (primrose yellow) stripe IrZ hZ a promtaenr^ 

m; a shintas narrow ban?o?Ss? M‘’ I".®'* *bdoS wiL^^’^n'* 

borders ot dark band distinctly reddisb " '™“ ‘o mouthf 

(This species Is distinct bm th 

.m«<, (7. ra^tebru, and others ctti/rTatS.)” “ S^-OMlon to 


K,nrysopa sp. 

SatXpteffoMd in the Eenwiek marsi.es 

p Ls s vfr r: 

N IS so distihetive, hoiever t h “ unknown. Since the 

K.:s™5.‘- "■ ■» ‘■“Sroi'fiirA 

pll. wholly gray. Mesofbnr/v^^-^v Prothorax largely erav- ^*^oot 
i dorsal vessel extendi nc - 1 brown to blarldsii^h tubercles 

topg a saMlSrpedya?kV/‘’‘J“K:;“ Pa 

til brown or blackish aw ^^^ionien wholly 

i Oirysopa lineaficomis Pitch (Rate LXTTvr 
I «mopa lineaticornu. Fitch f- page 1307) 

<■« found akn „ August 27, 1916 and foil! ■ * 5 ™ » 

fifriF “» -"S s; tS ™' ‘S“is“ 
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Plate LXXXlv 



SOME aPEClES OF CHBYBOPA AND MELEOMA 

1, Head and pro thorax of a female of Meleoma algnorettl, x about 10% 

2, Mature larva of an undetermined species, Chrysopa sp. of text vinrida 

3, Head ajid prothorax of an imago of a trash- carrying larva from r 
probably a variety of Chrysopa lateralis 

4, Dorsal view of thIrd-instar larva of Chrysopa blmaculata 

5, Probable first-instar larva of Meleoma signoretti, x about 10% . x 

6, Side view of head of male of Meleoma signoretti, showing protuberance, 
about 10% 

7, Head and prothorax of Chrysopa lateralis 

8, Head and prothorax of Meleoma slossonae, x about 10% 
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i and puie readily found, for the little packet of 

moving over a green leaf is rather conspicuous. The best success 
finding them was attained on early morning trips, since they appear 
be more active at such hours. During the summer of 1918 they were 
,st numerous during the month of September, but in 1919 they were 
,st plentiful in the latter part of July, when all stages of the larvae 
re readily found. Adults were taken at Charlottesville practically 
summer by beating oak branches in rather dense woods. The females 
ve so far uniformly refused to oviposit in captivity. This species was 
<rer taken at lights. 

EgS- — The egg of C. lincaticornis has not yet been seen, but singly deposited 
rg of the usual stalked type are common on oak leaves and it is not unlikely 
It some may he of this species. 

First-instar larva . — Conforms to description of third-instar larva except for 
number of setae on lateral tubercles, and dorsal head markings. Four 
Qvergent brown bands on dorsum of head; inner pair arising on inner side 
antennae at bases of jaws, bending toward each other, and stopping together 
about middle of head; outer pair arising between bases of antennae and 
ps, extending parallel to Inner pair, and stopping at posterior margin of head 
psule; bands on posterior part of head, the invaglnated part, very faint in 
•or. Body gray, with some brownish or in some cases pinkish markings 
ng sutures and in some specimens on each side of dorsal vessel ; these mark- 
;b, as well as dorsal vessel, inconspicuous; two setae from each lateral tubercle 
jept raeso- and metathoracic pairs, which bear three each ; stalks of lateral 
jercles unusually long. Length of larva, 2.5 mm.; width of head, 0.37 mm.; 
igth of jaws, 0,32 mm. 

(All flrst-instar larvae found, from the earliest to the end of the instar, have 
reli-defined packet of debris on their backs, identical with that of grown larvae 
cept for size.) 

Second-instar larva . — Like third instar with a few exceptions, chiefly as to 
e. Head grayish, with the two pairs of convergent brown bands as described 
ove, these differing from those in the first instar in that they are broader and 
Mr color is a reddish brown, a considerably increased intensity of color ; jaws 
iber, with a reddish brown line on outside of each extending to ocellar fields; 
j>road reddish brown band from ocellar fields to first subsegment of prothorax, 
side of head. Body gray, but with more of the pinkish tinge at sutures and 
rag dorsal vessel, this color being undoubtedly contributed by the viscera of 
5 larva; a distinct brownish patch below each thoracic tubercle and covering 
nimal ends of coxae. Legs gray except distal ends of tarsi, which are black, 
ngth of larva, 3.5 mm.; width of head, 0.55 mm.; length of jaws, 0,35 mm. 
(The packet of debris Is likewise a constant characteristic of this instar.) 

TkirdAnstar larva . — Head of usual shape, gray in color; two pairs of black 
very dark brown bands on dorsum; inner pair arising at bases of jaws and 
ving toward each other, becoming parallel but not merging, and stopping at 
ddle of head ; outer pair arising between bases of antennae and ocellar fields 
1 extending, nearly parallel to inner pair, to posterior side of head capsule, 
>ut midway the color becoming less intense and the sides of the bands some- 
at irreg^ilar, (At the border of the prothorax in this species there is gen- 
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erally a beginning of a third pair of faint brownish bands, which extend 
tte eyi b^ fuse with the long pair at the postCTior wd.) Eye spots jet bla* 
il^s amber with posterior halt often dark; palpi and antennae translacwi^ 
toli bTamber for the greater part. Body predominately gray; anterior 
Sent of prothorax lighter gray than fminant Mlor of head; second 
Se“ light gray in front, light brown behind; lateral tubercles very pronj, 
S kLbf at ends small and rounded, stalks unusually long; setae longan 
c-n thoracic tubercles bending upward and arranged m 


nent knobs at ends small aiiu luauucu, — -o. 

nrZlnent those on thoracic tubercles bending upward and arranged lit, 
hoSS’tan to support the packet, whitish to translucent; tubercles a 

Kk^m Ultl^B^o delicate ^ay, main sutur^^^^ 


fenith.'^Tb™mra‘*Ztracteranrriuch'broad"^lh^^^^^^ 

equal to that between tips of metathoracic tubercles, first abdominal tubercldj 
S dei^loped; tubercles 2 to 7 small practically sessile; setae Ion&. the longer 
onL extending fan-shaped and bending upward; abdominal sutures darkened, ' 
Sides of abdomen with a little brown extending full len^h of Tail promi. 

nent, somewhat translucent. Venter of thorax gmyish to white, occasionail^ 
some pinkish due to color of internal tissues. Length of larva, 5.2 mm., width of 
head, 0.8 mm.; length of jaws, 0.75 mm. 

(All larvae taken have had a well-made packet of the type previously 
described.) 

Pupa . — Cocoon spherical, slightly oblong, entirely of white silk closely 
woven. Length of cocoon, 3.64 mm.; diameter, 3.07 mm. 

(The packet clings to one side of the cocoon and often nearly covers it, the 
only white silk then showing being on the under side next to the substratm 
Larvae may fail to spin, but in such cases they may pupate outside a cocoon.) 


Adult — Specimens reared conform to description given by Banks { 19113 : 
150), with the exception of very slight and probably inconsequential variation 
in color, largely due to age of specimen. . . 

(Great difficulty was experienced in carrying the pupae through, Of 
approximately a hundred larvae, not more than a dozen have developed into 
adults. Midsummer rearings gave some success, hut it was evident that the 
common garden aphids were not their natural food. All attempts at overwintei- 
ing have failed.) 


CJirysopa himaculata McClendon (Plate LXXXIV) 

1901 ChrysQpa Mmaculata. McClendon, Psyche, vol. 9, p. 215, 

1903 Chrysopa Umaoulata. Banks, Trans. Amer. Ent. Soc., vol. 29, p. 153. 

Chrysopa himaculata also is a trash carrier. The only specimens 
seen by the writer were larvae sent from the citrus groves of Florid* 
through the kindness of Mr. Prank M. 0 ’Byrne, of the Division m 
N ursery Inspection in the Florida Department of Agriculture, is 
habits the species is believed to be identical with C, lateralis and C. w*- 
aticorniSf except for distribution. Only the third-instar larva, the pnpSi 
and the adult were seen. 

Third-instar larva . — Differs from C. lineaticornis in head markings anil ® 
size. Head largely gray, with two brownish crossbands on dorsum, a narro 
brown band connecting bases of jaws, another similar narrow band connec iK 
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behind this band two dark brownish irregular patches reaching to 
thorax B^y Similar to larva of C. lineaticornis. Some variation in amount 
h ftwnish and black areas, and also in size. Specimens seen apparently on 
ft average a little smaller than C. lineaticornis. 

pMpa.— Same as in G. lineaticornis. 

^-Specimens conform to descriptions of type and to that of Banks 
903:153)- 

Chrysopa lateralis Guer. 

Several adults of Chrysopa lateralis emerged from larvae sent to the 
riter from Florida. Unfortunately most of the larvae had spun 
Kroons by the time they arrived. But on comparing the old head 
ipsule with the larvae that were seen, it appeared reasonably certain 
lat the larvae of C. lateralis are almost identical with the same instars 
[ 0. lineaticornis. The only characteristic observed to be different was 
I the head markings. G. lateralis apparently has the two pairs of 
brsal convergent dark brown to black hands. The inner pair arise 
iside the bases of the antennae, quickly converge, and extend as two 
invergent bands to a little beyond the middle of the head. The bands 
te widest in the anterior region and gradually become very narrow at 
he posterior border. The outer pair arise between the eyes and the 
ises of the antennae, and extend in a broad curve to the prothorax, 
most parallel to the inner pair. On the outside of each of these bands 
a large brownish spot of less intensity, making the puter pair of bands 
jpear like a large elongate spot. The other head and body features, 

1 far as known, are the same as are given for C, lineaticornis. 

From one cocoon there emerged an adult which does not conform to 
ly description yet seen, but it is close to C. lateralis. It differs in that 
le entire first segments of the antennae, and the antennal space on the 
ead, are wholly bright red. But one specimen has yet been seen and 
lere is some possibility that this is a variant. 

Chrysopa cockerelli Banks 

)03 Chrysopa cockerelli. Banks, Trans. Amer. Ent. Soc., vol. 29, p, 154. 

i About fifty larvae of the species Chrysopa cockerelli were first taken 

ii the campus of the Kansas State Agricultural College on October 19, 
'21, and following days, on the trunks of maple, linden, and dogwood 
ees. Several specimens were taken crawling over alfalfa under these 
ees. These larvae were fed for a tiihe on aphids in the laboratory, but 
)ne of them spun cocoons. The larvae were divided into lots and 
aeed in different situations for wintering. The percentage of fatality 
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was high, but five larvae overwintered successfimy. In the sunken, 
1921 larvae of this species were taken during the latter part of 
earlv July, September, and October. Adults were taken only once, ^ 
Au^ 19 1921, when they were beaten from willows. 

Bfl< 7 -All eggs of this species seen were stalky. ATerage length of j,, 
stallf 49 ^ ^ ellipsoidal, light yellowish gr^n in color. Lenai^' 
0 8 mi ^eawst ^dth, 0.46 mm. Taken on trunk of maple, June 16, 1921. 

First-instar larva— Head with two pairs of narrow brown bands (lors,i|, 
innefSrTCry narrow, arising at base of mandibles and extending slightly 
Ihan hSf the length of head; outer pair arising at base of antennae, esterj 
InfoosteriorV to prothorax, and doubling anteriorly to eyes; jaws very 
Smrt wfck Body, predominately gray; internal organs insible, cassi,( 
fiSmr-aopearing areas over body; two setae each from all Ahoracic aj, 
tSfrles except meso- and metathoracic. which bear three each; a 
rJw of small hooked setae on dorsum, on each sepnent from metathoracic t, 
seventh a”tomlnal inclusive. Larva normally rarries a small packet of dehi^ 
tSh tZ Zial long stalk of the thoracic tubercles and arched abdomen ar, 
nm“so p?onoZcLl a?in other instars. Total len^S mm.; width at n,.* 
thorax, 0.88 mm. ; total length of head and jaws, 0.66 mm. 

Srcond-insfar larva.— Differs from third instar chiefly in size. Head and 
body markings the same as in third instar. Packet present in this instar also. 



FlO. 162. FULLY GROWN THIBD-INSTAR 
TARVA OF CHRY80PA COCKEBELU, WITH 
PACKET IN POSITION. DORSAL VIEW, 


predominately smoky gray dor sally, 
three pairs of black bands; inner pair 
converging behind, almost solid black be- 
tween them or very dark except for a 
narrow gray area in middle line; middle 
pair arising between base of jaws ani 
antennae and extending to prothorai, 
broadTening behind and doubling back 
to eyes, forming the third pair; javs 
amber-colored; antennae almost black, 
distinctly annul ated. Body grayish to 
white In color, without black markic^ 
except along some sutures; prothoracic 
depressions prominent; lateral thoracic 
tubercles long and slender; prothoracic 
tubercles extending forward, setae long, 
stout, black, with prominent black bases; 
mesothoracic and metathoracic tuber- 
cles smaller and shorter than prothoracic, 
setae black. Legs very dark, almosi 
black. Abdomen arched, bearing a pack- 
et of plant fibers, spider webbing, insect 
molts, and similar materials; from one 
to three more or less complete rows of 
microscopic setae with recurved tip on 
each s^iment from the metathoracic to 
the seventh abdominal segment incIi^iTo: 
these setae longest on first, fifth, ano 
sixth abdominal segnnents. Length, 1 


X 10 


mm.; greatest width, 3 mm. 
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Pfipa,-“NOfniially wltWn white silken cocoons, the packet of larva often 
erlug practically all of the cocoon. Pupae have not been found out of doors 
yie v-riter. Oreatefit diameter of cocoon, 2.9 mm.; least diameter, 2.3 mm. 

iduJt (fiY 1®®^' — adults collected and reared con- 
ij rather closely to the original description by Banks 
but differ chiefly in the following minor charac- 
dstlcs: head largely Ivory-colored, less commonly with 
greeflish tinge instead of yellowish; black lines to 
mth not connecting, though the labrum is light brown; 
red on anterior lobes of prothorax; cross-veinlets of 
jjes very dark, the adjacent cells of many appearing 
loky nearest the veins; length from head to tips of 
Qga, 10 to 12 mm. 

Other trash carriers 

prom a study of the cocoons in the collection of Fig. 163. head and 
irysopidae in the Museum of Comparative Zool- rnoTHosAx of adult 
y at Cambridge, the following additional species oock- 

e apparently trash carriers also : AUochrysa par- ’ 

ila Banks and Leucochrysa fioridana Banks. 
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VABIOUfcj STAGES IN LIFE HIBTOBY OF SOME CHKYSOFIDS AND HEMEROBIIDS 

Ip Four dram vials plugged with cotton, as used in these rearlngs In the 
study of all stages* The cocoons may be seen 

2, A larva of Chrysopa oculata In the final stage of hatching, and a newly 

I hatched larva of the same species , . , ^ ^ 

3, Aphids on a leaf of cauliflower, as propagated in the laboratory for feea- 

iRg ehryaopld adults and larvae , ^ 

tp Adult of a hemerobiid, Mlcromus posticus Walk., shown for comparison. 

5, A grown larva of a hemerobiid, Hemerobius bumuU, feeding on an apnici 
Tom an aster: shown for comparison with chrysopid larvae: x 3% 

6. An egg of Chrysopa oculata ready to hatch, showing outlines of the 

Jmbiyo; x 9%. 7, Unstalked eggs of Micromus posticus deposited on a leal 
tn the laboratory, shown for comparison, 8. Two hatched eggs of Chr^opa 
u * showing the rent and the protruding embryonic molt: x &%. y. 

^tching eggs of C. oculata on a leaf: one larva may be seen on an egg shell, 
.p^'^^hera, newly hatched, on the leaf surface. 10. A tangled mass of eggs 

1 L. nigricornis as d^osited on a goldenrod stem in the laboratory 







lABVAE OF VABIOUS SPECIES 

1, Mature second-lnstar larva of Chrysopa oculata, showing the single 
pot 2. Third-lnstar larva of C. oculata. mature and about to 
aloration is lighter than the average). 3, Mature thlrd-instor larva of u. 
eulata with a few aphid skins adhering to lateral setae of thorax 
Mature thlrd>iiistar larva of C. oculata var. albicornls 
5, Mature third-lnstar larva of C, oculata var. chlorophana 
Second-lnstar larva of C. rufilabrls, Just molted. 7, Mature third-instar 
im of G. ruftlabrla . . . 

8i Early third-lnstar larva of C. nlgrlcomls, i 5% 

\ V^tral aspect of second-lnstar larva of C. oculata 
10. Early third-lnstar larva of C. quadripunctata. 11, Grown third-lnstar 
of C. quadripunctata. 12, Mature larva of C. quadripunctata ready to 
pin, showing a mass of wax on prothorax from the goldenrod aphids 
1*» Mature larva of C. nlgrlcomls, to be compared with no. 8 
(All except no. 8 x •%) 





chrybopid larvae and pupae 

1) Earty third-instar larva of Ghrysopa chi, x; 2, Mature third-instar 

i C. chi, 3, Early thlrd-instar larva of C. chi var. upsilon 
A larva of unknown identity, designated as Chrysopa sp. 
a. Pupa of C, oculata working the old larval skin over the end of the 
louomen 

, ^ third -Instar larva of C. llneaticornla, with packet of trash 

jiip s T 0^ C. lincaticomis on an oak leaf, eating a pine mealy 

ug. 8, Larva of C. llneaticornis with packet in position; only the Jaws of 
S showing 

in advanced stage of development 

Of li j aspect of thtrd-instar larva of C. llneaticornis, showing relation 
w laiva and packet 

the’nV,n«’’°” of G. oculata, showing lid covering the opening through which 
irtfitpHno- 12, Pupa of C. oculata leaving cocoon. 13, Cocoon of 

^Kainst si^e oculata, showing flattened area where cocoon pressed 

ij^atlcomls beside larval packet: larva failed to spin a 
Normal locoon of C, llneaticornis, showing old packet covering 
K cocoon 

of C. oculata, disturbed In spinning, curled up for trans- 







'tomtoo^lph tteparLueT*' parasites 

■'‘ »f ‘>>0 paraslt, „ P^^udocuIIcoMes eauea. from a balsam 

sp T " 

prob^ly of parasite 

SlpuTO“ffi »»8l>Hy1edS'’'’"*=’ '™P0 on the under side of 
Sh."co?„on P-«ous, ,n Us cocoon, shown 

JOU probably blgricornfa 

^e’thlTd-SsJ^'” Septemb^r^i/i™"® oak leaf at 

k^^ofc, ZT "• *“h trash over the 

Awing “ouiata.yvl.h two parasites of the species Pseudoculicoldes 
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effect of climatic conditions on the blooming 

AND RIPENING DATES OP FRUIT TREES 




ekfect of climatic conditions on the blooming 
AND ripening DATES OF FRUIT TREES^ 

H. A. Phillips 


II making public, in this memoir, some of the phenological data 
lined from many localities in the United States and Canada by H. P. 
[la,- of the United States Department of Agriculture, emphasis is 
;ed on the blooming and ripening dates and the length of the grow- 
period — the period between the blooming and ripening dates. In 
accompanying tables are included, also, records of the opening of 
leaves, the formation of the terminal bud, and the date of the first 
imn frost. The nature of the problems here involved will be eluci- 
id by reference to a few of the many phenological studies that have 
1 made. 

In 1817 Dr. Jacob Bigelow requested correspondents in various 
ts of the country to note the time of flowering of the common fruit 
IS and a few other plants. Most of the reports were received from 
tos along the Atlantic Coast. One report was received from Ala- 
ia. From these reports of one year only, Dr. Bigelow concluded 
t the '‘difference of season between the northern and southern ex- 
ilities of the country is not less than two months and a half. ' ’ No 
Hint was taken of altitude, but Dr. Bigelow concluded that “differ- 
e of longitude does not seem very materially to affect the floral calen- 
within the United States.'' (Bigelow, 1817.) ® 

Abbe (1905) has briefly reviewed a considerable amount of liter a- 
^ on phenologj^ with particular emphasis on the effect of heat units 
jringiug a plant up to a certain stage of growth and development, 
ong the prominent investigators quoted by Abbe is Karl Fritsch, of 
stria, who considered the important stages in perennials and forest 
Jstobe (1) the first flower and (2) the first ripe fruit. Fritsch cou- 
!red temperature and moisture the chief factors in the development of 
vegetative part of the plant, and direct sunlight the chief factor in 


Faculty of the Graduate School of Cornell University, August, 
Of of philo^iphy®* ® partial fulflllment of the reQuirements for the degree of 

irfcaTo'leeu observers from many sections of North 

rds were tabulitpS blanks furnished by him. These introductory 

■ented him from ^ Pressure of other work 

119 the records^frlHi^^ material ready for publication, and so in the autumn 
ts not been Cornell University to be prepared for publication, 

‘limited to a furnished, but the study has 
to iprisVh a Gould desires 

^ data.*^ appreciation to the many workers who assisted him in gathering 

m parenthesis refer to Literature Cited, page 1396 . 
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iiitain ranges, and extended from Florida to Canada; the second 
, giong the Mississippi Valley from Mississippi to Minnesota and 
iconsin; the third was through California, Oregon, and Washington, 
'tables appear in the appendix, on pages 1397 to 1416. 

elative influence of difference in altitude, latitude, 
AND longitude ON BLOOMING DATES 

riie time of full bloom for the apple, the pear, the peach, the cherry, 
\ the phim at different latitudes is shown in figures 164, 165, and 166. 
[< varieties i n d i- 
ed were selected 
the most typical 
)resentatives of the 
fi'rent sections, 
e full-bloom dates 
■ the various fruits 
‘ generally much 
iher apart in the 
nth and tend to 
ivei'ge toward the 
rtb. An exception 
ill southern Cali- 
*nia. where the al- 
ade is great enough 
overcome condi- 
ins that might be 
tised by tlie lati- 
Je and where the 
iiienee of the Pa- 
e Ocean is involv- 
The latitude at 
idi the blooming 
for tlie differ- 

fniits tend to converge is about 42^ 30' for the Atlantic section 
I is very marked. In the Alissis.sippi section it is about iV\ 
considerable influence on the epoclis in plant activities may be attrib- 
[I to altitude. An average of all the fruits studied shows that there 
t mfterence in the blooming dates of one day for every 101 feet of 
hole, the season being retarded as the aititude increases. This 
very closely with the results obtained by Hopkins (1918). In 
^eeting for the influence of altitude, then, tlie figures given by 
ms may bo used; that is, one day may be added to the blooming 



I i 1.00 51 FOR niKFKRKXT LATll’LDES. 

YFARS, 1902-1911 


AVF.R.W.F. FOR TEN 
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date for each 100 feet of elevation. This has been done in figures Ig; 
168 and 169. The curves are still far from being even, and so it is eerfsi> 
that other local influences than altitude must also be involved. 

The delay in blooming due to the difference of a degree of latitude, a 
shown in the following table, is not the same for different fruits or 
different varieties of the same fruit ; 

AVT.RAfiE Delay in Blooming Caused by an Additional Degree of Latituis 


Delay in blooming for 1 degree of latitude (in 


Fruit 

Atlantic 

Coast 

Mississippi 

Valley 

Pacific 

Coast 

Average f® 
three s'ect,®. 

Apple; 

Winesap 

Yftllow Transparent 

Baldwin 

Ben Davis 

Average 

4.8 

5.0 

7.0 

4.8 

5-4 . . 

4.2 

3.1 

3.5 

3.5 

4.8 

4.3 

TT 

4.4 

Pear: 

Kieffer ... 

Bartlett.. 

Angotileme - 

Anjou • - - 

Winter Nelis 

Average ■■■■ 

4.2 

5.1 

5.2 

T2 

7.4 

5.8 

8.6 

Ts 

^2 

4.0 

3.11 

3.7 

S.7 

Peach; 





Elberta 

3.8 


1,7 


Earlv Crawford 

4.0 

4,5 

1.9 


Champion 

6.4 

4.6 



Alexander 


1 ■ 

1.9 


Average 

TT 

4.4 

18 

.3.« 

Cherry: 





Early Richmond 

6.7 

4.6 

4.0 


Montmorency 

7.1 

5.4 



English Morello 

4.2 

5.4 



Black Tartariiiii 



3.7 


Napoleon . 



4,3 


Average 

"m 

TT 

4.0 

5 11 _ 

Plum: 





Abundance 

5.0 

2.6 



Wild Goose 

8.9 

4.8 



Red .June 

4., 3 

3.6 

4.2 ; 


A gen 



2.1 1 


Wlckson 




3.5 


Average 

6.1 

3.7 

3,3 ! 

4.3 

General averages .. . 

1 5.7 


3.4 

.4.fi 


With the exception of the Pacific Coast, the delay is greater than if: 
four days for one degree observed by Hopkins. An examination of 
graphs, however, will show that the delay for a degree of latitiKle:: 
much greater north of latitude 36*^ to 38° than in the more sontliff? 
latitudes. The average full-bloom dates for the different varieties j- 
certain parallels of latitude in the three sections studied are given ni’>“ 
following table; 
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Avkkage Fi li.'Bloom Dates fro:m West to East 


Latitude 

Pacific 

section 

Mississippi Valley 
section 

Atlantic 

section 

35° 

36° 

38" 

40" ; 

41" 

42° 

Average of 
all parallels 

March 11 
March 14 
March 19 
March 18 
March 22 
March 27 

March 19 

March 16 
March 16 
March 30 
April 11 

April 19 

April 27 

April 4 

March 19 
March 24 
April 10 

April 19 

April 26 

May 5 

April 11 


t ^ippears from this table that the full-bloom period of fruit hparinfr 
e. is latm- eastward. South of latitude 36^ however the ^iffe^ene! 

rerv sligrit. 


RELATION OP THE REST PERIOD TO THE BLOOMING DATE 

.11 the more southerly latitudes the blooming dates do not follow the 
fs suggested by Hopkins either as to latitude or as lo longitude In 
t, It seems certain that the plants must have been subjected to much 
reheat before coming into bloom in the south than in the north Thus 
the Mississippi Valley the ’ 

-years average blooming 
e for apples is as early at 
tude 38® as at latitude 
, and, after correcting for 
tude, the blooming date 
the peach is nearly the 
leat latitude 32® as at lati- 
c 36®. 

alladin (1918) notes siin- 
conditions in his obser- 
of early and late per- 
lais in Europe. Refer- 
! hk observations he 
s this may be explained 
P^mting out that the pe- 
f ^ith temperatures below 
heezing point of water is 
'^iportant in the develop- 


“ y^p/e- Sef7l7ayts 

feerr — /f/effer 

Peach Iberia 

— f- r — 1 Chemf^ 






--Pfun 

—■^da/7doi7ce 

U. 1 /■ 








/ 

A 

5 ^ 








1 


\ 




-r' 









/) 



\ 






It 





1 



10 20 

10 ! 

10 2 

<) 

0 I 

0 


March April May 

riG. 165. MISSISSIPPI VALLEY SECTTOX. 
HATES or FULL BLOO.M FOR DIFFERENT LATI- 
TUDES. AVERAGE FOR TE.\ YEARS. 1902-1911 
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.. . iji a period of low activity but n,,. 

ment of perennm . . • g^ious chemical transfovraatioiis 

one of complete umOv^, 

completed ‘ ^ Again, he says, “direct experiment sh«», 

active growth ot sp g. t h a t h i g h e r teinperatnr. 

alone is not sufficient to brint 
plants out of the resting coi; 
dition.” Howard (IDlOj an. 
others have shown that .li 
ciduous trees have rest pii 
ods of varying lengths, ’ivi: 
most species this rest may! 
broken by various treatiimi 
such as freezing, drying., 
etherizing, (’handler (lUl: 
has shown that with jHai'; 
the ending of this rest \)vn 
may be delayed by inereasi: 
the vigor of the trees; a!' 
that the ending of tliis [w 
is a very gradual 
thus, while the buds may 
spond to growing temiK 
tnres in January, tiny 
respond much more rapi' 
if such temperatures dn i 
come until F e b r ii a ry 
March. Coville (P>-l' 
shown that the rest iK'i;' 

bvol-eri will, some plants at least, by continuous 
ir^empei-atuves too loiv fo,' gi'Oivth but free.mM 

It seems ,.robable that the blooming ot some of i 
laved in the more southerly latitudes ^cause tl eu; s mrt 
cold iveather to lirine the plants completely out ot tin n 

relation of climate to ripening dates 

The correlation between climate and the niuming date is j t 
to study than that between climate and tin- tull-bloon I 
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11.1,100111 dates for — 

different fruits — 

e reasonably near 
crether. ^vliile the -• 

p,nin{? dates may _j 

; rather far apart 

1(1 many seasonable 

iffereaces must be 42 =■ 

pnsidered in the 

jiiipletion of the 40“ 

jflch. For example, 

ben Davis and 

L Yellow Trans- 
Irent apples bloom ^ 6 “ 

^ nearly at the same ^ ^ 

lie that cross-poll in- 

km may be accom- 

ished, yet the ripen- 

g time may be from 

;ty to sixty days ^ 

iart. Earlier sorts p 

[ fruits may ripen 
(1 be gone before titi 

isoiial troubles 
ertake them. Some places 
i more subject to drought 
ail others, and this condi- 
m may tend to shorten the 
igth of the season, w-hile in 
Dst fruit sections that dc- 
nd upon the rainfall there 
usually enough moistiii’e in 
; springtime to carry all 
•ts through the bloom pe- 
d, Whether the orchard is 
sod or is tilled, will in- 
puce the length of the 
living season but will not 
.terially affect the time of 
loming. 8 ome fruits refpiire 
f heat units to develop 
m. while others require a 
isiderable number. Tlius 
appears that there are few’- 


Transparent 

^ar~Sart/eff ~ 

Peach^Ear/tf Crasaforff 

C^erry~ffJc/frf 7 afTd ^ 

- - — 
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FlO. 167. .i^TLAXTIC CO.\ST SECTIO.V. DATES OF FI J.E 
DI.OOM for different T.ATITI'DKS, CORRF.rTF.D FOR .\lr 
TITFDi:. AVERAGE FOR TEN YEARS, 1902-1911 
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“ Sen Dar'/s 
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Cherr\ 

P/<rn? 
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Fig. 168. mi.ssissippi valley section. 

DATES OF FI LL HLOO.M FOR lUEFERflNT I.ATI- 
n DKS, tOKKKC'lKn FOR Al.I.TITrDE. .WKRAGE 
FOR TEN YEARS, 1902-1911 
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er climatic factors to 4,,', 
with up to the bloonaijo 
period than through 
development^ of the fpujt 
The conditions relati^i 
to the picking date, as 
ported by the numerous 
servers, are given in 
urcs 170, 171, and 172. Tii 
records sent in are fahi 
complete and give a rath 
comprehensive idea oE tt 
facts as they exist. \Yh 
two picking dates were set 
in, only the first was coi 
sidered. 

These graphs present 
very different aspect im 
the full-bloom graphs. 1 
file full-bloom graphs. tl 
curves are the farth 
apart in the Pacific 
tion ; while for the pickit 
dates, the curves are soin 
wliat closer togetlier in the Pacific section. In all the sections, tl 
™r4s for the picking dates of the different fruits are far apart, at 
there ^is not the^tcndency to converge toward the north that was none 
able in the full-bloom graphs, especially for the Atlantic and MissmP;.. 
sections. Variation in altitude and local weather conditions explain i 
a large degree the more or less sharp changes in the curves. 

In'all three seciions, the cherry ripens first hut there seems to lien 
particular order for the others. The Yellow Transparent .ipple n 
advance of the peach in the Atlantic and Mississippi sections, iilm- 
the Pacific section these fruits cross eacli other. 

The effect of climatic conditions caused by a difference in altw- 
Shows interesting results on the plum in t aliforiiia. The Agu 1^ 

apparently is ripe in tlie State of Washington before it is m i, tk 

California. The ohsevvations recorded for latitude 33 10 
altitude of 3000 feet, while those for latitude 48 0 aie at a ■ 
of 200 feet. (Table 44, page 1415.) ,„.l coutli't 

The differences in ripening dates between the northern , j 
points studied, for two varieties of fruits in each group, aie 


"1^20 30 9 19. 

March April 

Fl(4 169. pacific COAST SKOTION. D.^TES OF 
fi'il bloom for different latitudes, cor- 
rected FOR altitude, average FOR TEN YEARS, 
1902-1911 
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Aug-ust September October 

Fig. 170. Atlantic coast sectiox. dates of ptckixc; for different l\ti- 
TIDES, average FOR TEX YEARS, 1902-1911 




1392 


H. A. Phii.lu’s 

In nrder to secure nniforiiiity for compaiison, 
the table “Pf points were reduced to the same a t,tu(le. li, 
extreme north If.^mcn in the first column, while the *, 

actual number ot (idjs a jp^jpg. The same relations arc sli,,f 

t:rtffi‘d ‘^-vera.e retardation. 

‘T'l" 
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Oft “in I 


:v- - 


Jvine 

Fl«. 172. 


19 29 o io .io 1^ 

ugust September October Nv 

n.\TKS OF PICKING FOR 1>1FFKRF.M lV!i 


.July 

avkhaof for tfn ykars. 1902-1911 

The average obtained In this table, usin? the J;"*:; 

the 4iatiou due to the is^ 

that given by Hopkins. . ^giav "in blooming.* 

degree of latitude, and jpg the" results obtaiiiMl '* 

4.6 days for each degree of latitude. Lsing i 

correction for altitude, the of latmi'l' 

of latitude, as compared ^vlth 4.1 da>b foi each (ic.ie, 

the blooming period. 

TIME BF.T\YEEN FULL BLOOM AND RIPEN INO 

The growing season of the fruit is assumed to be *’“ "f,*: 
bloom to the picking date. On this basis, tlie numbei of da. 
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Dufebbnceb in Ripening Dates between the Nokthekx ami Sol thkrn 
Points STrniEo 


Fruit 


Number of days 
from picking Same, 

date in south to corrected 

picking date in for 

north altitude 


Average retar- Same, 
dation in days corrected 
for each degree for 
of latitude altitude 


ATLANTIC SECTION 


rv Early Richmond .. 

30 

33 

2.6 

4.6 

ry Montmorency 

17 

19 

1.9 

2.0 

a Abundance 

64 

55 

5.2 

5.2 

11 , Red June 

69 

67 

7.1 

6.9 

h Elberta 

63 

70 

5.2 

5.8 

h, Early Crawford 

68 

71 

5.4 

5.6 

Kieffer — 

68 

64 

4.9 

4.7 

Bartlett - 

23 

28 

2.8 

3.4 

e, Yellow Transparent 

74 

82 

5.0 

5.7 

e. Baldwin 

34 

42 

3.6 

4.4 

Average 



4.4 

4.8 

MISSISSIPPI SECTION 




rrv. Early Richmond . .. 

33 

32 

4.1 

4.0 

rrv. Montmorency 

29 

32 

3.6 

4.0 

B. Abundance — 

48 

40 

5.2 

4.4 

li, Red June 

39 

34 

5,2 

4.5 

b. Elberta 

60 

55 

6.3 

5.8 

Champion 

37 

32 

6.1 

5.3 

, Kieffer 

2 

32 

0.23 

4,5 

; Bartlett 

42 

46 

5.2 

6.9 

ie, Yellow Transparent 

39 

41 

2.8 

2.9 

ie, Ben Davis 

51 

55 

4.4 

4.7 

Average 



4.3 

4.T 

PACIFIC SECTION 





ry, Napoleon .... 

38 

70 

2.5 

4.5 

ry, Black Tartarian .... 

29 

42 

2.0 

2.8 

. Ageii 

15 

43 

1.0 

2.8 

, Italian Prune 

17 

32 

2.1 

4.0 

Early Crawford 

36 

31 

2.5 

2.2 

Elberta 

55 

39 

3.7 

2.6 

Bartlett 

5 

20 

0.31 

1.3 

Winter Nelis 

24 

9 

1.7 

0.64 

h Yellow Transparent 

27 

69 

1.8 

4.4 

6, Ben Davis 

8 

4S 

0.51 

3.1 

! Average .. 



1.81 

2.8 


Average for 


all three sections. 


.3.5 


4.1 
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calculated for the twenty-four kinds of fruits studied, and the ]-r, 
are given in the last column in the tables appended. 

The average growing periods in days for some of the varieties iu • 
three sections are given in the following table : 


Time between Fuli. Bloom and Ripening 
(Days) 


.Fruit 

Atlantic 

section 

Mississippi 

section 

Pacific 

sectioi) 

Apple: 




Baldwin 

143 



Yellow Transparent 

73 

84 

100 

Ben Davis . 

155 

163 


Wlnesap 

156 

163 

ITO 

Pear: 




Angouleme - 

144 

157 


Bartlett 

126 

126 

137 

Kieffer - - 

167 

167 


Anjou 




Winter Nelis . 



H2 

Peach : 

i 



Elberta ' 

121 

134 1 

189 

Early Crawford 

109 

i 116 ' 

121 

Champion 

112 

118 1 


Alexander 


i 

97 

Cherry: 


1 

Early Richmond ' 

54 

47 

59 

Montmorency 

58 

61 


English Morello 

76 

55 


Black Tartarian 1 



68 

74 

Napoleon 



Plum: 




Red June 

87 

94 


Wild Goose 

89 

96 


Abundance 

100 

98 


Agen 



l5ti 

Italian Prune 




Wickson 




131) 


i 1 



Where comparisons can be made with the same varieties in the'ii- 
ent sections, it is observed that the period between full bloom and ri]' 
ing is markedly longer in the Pacific section than in the others, 
pneral, in the Mississippi section this period is the next longest. 
in the Atlantic section it is the shortest. The average difference 
the last two sections is not great. On examination of the appr^' 
tables it will be seen that with some varieties the southern parts of'- 
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tlantic and Mississippi sections record more days between the full- 
toom date and the ripening date than do the northern parts. It seems 
jiat the length of this period is rather largely determined by the amount 
I heat units received by the tree and the fruit. However, the other 
matic factors modify conditions. The influence of equable weather 
aditions along the Pacific Coast prevents a rapid increase in heat 
its and it takes a longer period of time to accumulate the amount of 
at required to develop the fruit. In the Mississippi and Atlantic 
‘tions the insolation is greater in the northern parts of these sections 
summer than in the southern parts, and hence the time required to 
velop the fruit in the north is less than the time required in the south, 

SUMMARY 

■\Vhile many factors, such as available food, abundant water supply, 
uning, spraying, and tillage, contribute to successful orcharding, there 
e none of more importance than climatic conditions. 

Epochs in fruit-bearing trees are retarded in their development by an 
crease in altitude. According to the data here presented, the jfverage 
tardation is one day for every 101 feet. 

The average rate of retardation in the blooming period of fruit-bear- 
g trees is 4.6 days for every degree of latitude northerly. The great- 
[ retardation is through the Atlantic States and the least is through 
e Paeifie States. 

Epochs are earlier westward, and the lines of full-bloom dates and 
pening dates travel in a northeasterly direction. 

In the Atlantic and Mississippi sections the rate of retardation is not 
nstant. This is explained by conditions affecting the rest period, 
bill about the 36th parallel southward in the Mississippi Valley and 
llantic sections, there is very little difference in the time of the blooming 
Hod. 

There is much greater uniformity in the epochs in fruit-bearing trees 
■ough the Pacific States, due primarily to the influence of the prevail- 
j westerly winds from the Pacific Ocean. 

The ripening dates in any section tend to travel faster than the 
•oniing dates. 

The general average range of full-bloom dates at any given place is 
iut three weeks. 

The number of days for the development of the ripened fruit is 
‘aler in the Pacific section than in the Atlantic and Mississippi sec- 
os. Also, with some varieties the number of days is greater in the 
i hern part of the Atlantic and Mississippi sections than in the 
fthern part. 
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The peach, wherever grown, appears to be more uniform in its dni 

opment than the other fruits. ■ 

The delay in the appearance of all epochs caused by mereasmg* 
. I L itltude except in more southerly latitudes where the rest peri,, 
tude or latitude, P involved with fruit trees nosud 

SencSength of daily illumination as that observed by Garner 
Allard (1920) with other plants. 
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Approxi- 
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Number 

of 

days 
from full 
bloom to 
picking 

lOCO0>COO)COOt~aolA02OC£> 

e<3cc[«tccor-cct~(reDUMn'i> 

jHHiHTHr-lr-ti-(iHt-!rHT4T-<ri 

tH 

Number 

of 

days 

from full 
bloom to 
picking 

OTOwiL'-t>^OOC^ 

iooSoo 

i Ltc 

g 0 fl! 0 

e<;LnooA(^cOu;u)t>cciMc:oo 

o 

« 

SoSo 

1 Wt-iMTt'inMoo 

7> 0 


05 

g 1" 



Date 

■of 

first 

fall 

frost 

11/13 

11/ 3 
10/18 
10/25 
10/24 

10/17 

10/22 

10/12 

10/22 

10/ 3 

10/ 8 

tc 

< 

Date 

of 

first 

fall 

frost 

lWr-IO^:OC^f^t-C^OkC 

:^®OOOOOoOOO 

I U) 

a> C 

0^ 
fi ii 
a 

iot-t-'«4<cct-oeoo(MD-oio 

M jH ^ 

00S>O»CJC5CiCsCOOOO 

h 

s 

g 

Date 

of 

picking 

7/ 6 
7/20 
7/14 
7/17 
6/24 

7/ 3 
7/12 
7/18 

CQ 

t'OC oo 

\ 

k»!oia ;'«J< ;m«>h 

5rn>r- it- ioooot- iooi-t- 

K 

U 

> 

c 

Date 

terminal 

bud 

forms 


t> o 

Date 

leaf 

bud 

begins 

to 

open 

-H N t- Otc cc t- ^ M t- o 00 «: 

1 

> i 

^li-a c c 

S m X ft. 

Q 

WiHrf'MtDCOlOtCCfCm-r-f 

I 

Range 

of 

full- 

bloom 

dates 

4/10 to 4/15 
3/25 to 4/20 
3/24 to 4/24 
3/20 to 4/25 
3/23 to 4/25 
3/31 to 4/18 
3/20 to 4/28 
4/ 8 to 4/26 
4/ 6 to 5/10 
4/ 7 to 5/13 
4/ 9 to 5/14 
4/25 to 5/29 
4/29 to 6/12 

s 

as 

cC 

[£ 

S 

Range 

of 

full- 

bloom 

dates 

3/10 to 6/ 3 
3/27 to 4/21 
3/30 to 4/ 6 
4/20 to 5/ 8 
3/30 to 4/25 
3/30 to 6/ 1 
4/ 4 to 5/10 
4/ 9 to 5/11 

4/15 to 5/20 
4/15 to 6/11 
5/16 to 5/2.5 

Date 

of 

full 

bloom 

4/12 

4/ 7 
4/11 

4/ 9 

4/ 7 

4/ 7 
4/13 
4/19 
4/25 
4/30 

5/ 1 
5/13 
5/22 

^ 1 

U 1 ' 

PS ' 

! 

ft 1 

X ! 

1 

: 

Date 

of 

full 

bloom 

4/ 6 
4/10 

4/ 6 

5/ 2 
4/14 
4/26 
4/23 
4/30 
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